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INTRODUCTION 


TRANSFORMERS ARE CONSIDERED THE SIMPLEST AND MOST EFFICIENT ELECTRICAL 
MACHINES + ESSENTIALLY, THEY CONSIST OF A MAGNETIC CORE STRUCTURE, WIRE OR 
OTHER FORMS OF ELECTRICAL CONDUCTORS, ELECTRICAL INSULATION, AND SUITABLE 
MECHANICAL MOUNTINGSe 


AN ELECTRICAL TRANSFORMER IS AN ELECTROMAGNETIC DEVICE FOR CHANGING THE 
VOLTAGE OR PRESSURE OF AN ALTERNATING CURRENT SOURCE. IT MAY ALSO BE USED 
TO FURNISH A NUMBER OF ISOLATED ALTERNATING CURRENT VOLTAGES OF DESIRED MAG= 
NITUDE FROM ONE POWER SOURCE: 


TRANSFORMERS ARE USED IN MANY ELECTRICAL DEVICES; A MONUMENTAL EFFORT 
HAS GONE INTO THEIR DESIGN REFINEMENTS AND THE DEVELOPMENT OF MATERIALS TO 
PRODUCE MAXIMUM EFFICIENCIES AND SERVICE LIFE. 


IT WAS THIS SAME SEARCH FOR QUALITY AND RELIABILITY THAT LEO TO TEK= 
TRONIX MANUFACTURE OF ITS OWN TRANSFORMERS FOR OSCILLOSCOPE APPLICATIONS. 
MuCH OF OUR KNOWLEDGE IS BASIC; SOME OF OUR METHODS AND DESIGN CRITERIA ARE 
CONSIDERED UN! QUE. 


THIS MANUAL IS WRITTEN TO SERVE AS A REFERENCE AND GUIDE TO OUR SPECIAL 
KNOWLEDGE. We've ALSO INCLUDED MANY TABLES, FORMULAS AND OTHER DATA NEC- 
ESSARY TO THE DESIGN AND MANUFACTURE OF TRANSFORMERS. WE'VE PREPARED IT 
IN A FORM THAT CAN BE REVISED AND ADDED TO AS WE IMPROVE OUR TECHNIQUES AND 
INCREASE OUR ABILITY TO PRODUCE EQUIPMENT OF THE HIGHEST QUALITY AND CAPA- 
BILITIESe 


WE'VE DIVIDED THE MANUAL INTO GENERAL INFORMATION SECTIONS FOR THE 
MORE CASUAL READER; DETAILED DATA SECTIONS ARE PROVIDED FOR THOSE WHO ARE 
DIRECTLY CONCERNED WITH TRANSFORMER DESIGN AND MANUFACTURE « 


THIS PART OF THE MANUAL IS LIMITED TO TRANSFORMERS FOR USE ОМ СОМУЕМ- 
TIONAL POWER FREQUENCIES (50 ro 60 CYCLES PER SECOND) AND 400 CYCLE PER 
SECOND MOBILE POWER SOURCES (WHOSE ACTUAL FREQUENCY MAY VARY FROM 320 To 1150 
CYCLES PER SECOND). 


ILLUSTRATION CREDITS 





PAGE SOURCE 
2 ÅLLEGHENY LUDLUM - "MAGNETIC MATERIALS" 
b " " " " 
L, " " n " 
5 "n LAJ "n w 
6 " " " " 
? " t? " "n 





MAGNETICS «e e + + + o SOME OF ITS ALPHABET, SYMBOLS AND DEFINITIONS 


MAGNETIZING FORCE e e e OR H, IN DERSTEOS. ONE 
(NECESSARY TO CRE- = 2 OERSTED = 2.015 AMPERE 
ATE MAGNETIC FIELD) — TURNS (RECIPROCAL = 2495). 


H = 1 GILBERT PER CMe 





MAGNETIC FLux DENSITY cao, o o OR B, IN GAUSSES. ONE 
DEGREE OF CONCENTRATION (427.044 Gauss = 6.45 LINES OF FORCE 
OF A MAGNETIC FIELD) Age ae 7 PER SQUARE INCH (RECIPRO- 
CAL = .155). 
EpoY CuRRENTS А e e e (OR FOUCAULT CURRENTS) 


RESULT FROM CHANGING 
FLUX; A SOURCE OF ENER- 
GY Loss) 


Moa a ma w PERMEABFILITY > ຫຕ, 
H e s © © © e e © o COERCIVE FORCE, OR DEMAGNETIZING FORCE» 
B 


e e ° ° o e o o © RESIDUAL MAGNETISM (REMANENCE), WHEN CURRENT 
FLOw IS REVERSED. 


X es e s © a 9 © © © o CURRENT FLOW STOPPED. 


PERMEABILITY IN AIR, 
CGS SYSTEM « « ο ο = 1; H = B; (ENGLISH SYSTEM: H= .313 B). 


i 8 
MAXWELL e e e ο ο ο o THE CGS UNIT OF MAGNETIC FLUX = 10 WEBERS.» 


WEBER e e e © o o o o [HE PRACTICAL UNIT MEASUREMENT OF THE AMOUNT OF 
MAGNETIC FLUX WHICH, WHEN LINKED AT A UNIFORM 
RATE WITH A SINGLE TURN ELECTRIC CIRCUIT DURING 
AN INTERVAL OF ONE SECOND, WILL INDUCE IN THIS 
CIRCUIT AN EMF OF ONE VOLTO 


HYSTERESIS ° ° ° o ο THE LAG IN CHANGES OF MAGNETIZATION BEHIND THE 
VARIATIONS OF THE MAGNETIZING FORCE. 


CIRCULAR MILLS > o o WIRE DIAMETER IN THOUSANDTHS, SQUARED. 


STACKING FACTOR ο ο e THAT PORTION OF CORE SPACE ACTUALLY OCCUPIED BY 
LAMINATION IRON, USUALLY 29 TO «Οἱ. THE REMAIN= 
DER 1S SPACE BETWEEN LAMINATIONS AND LAMINATION 
INSULATION, STACKING FACTOR IS BASED ON WEIGHT, 
USING 7.65 GRAMS PER CUBIC CENTIMETER AS THE DE- 
NOMINATOR; THE CORE WEIGHT AS THE NUMERATOR» 


aoe 





TO ILLUSTRATE MAGNET IGS -& «4. + 


NORMAL FLUX FLOW 


CURRENT FLOWS == INDUCES MAG- 
NETIC FLUX IN PIECE. 





CURRENT FLOW STOPS 





MAGNETIC FIELD COLLAPSES -- 
VERY SLIGHT RESIDUAL MAGNE- 
TISM (в) REMAINS. 





PERMEABILITY (р = B/H) EXPRESSES THE EASE BY WHICH 
H MAGNETIZING FORCE CAN INDUCE B FLUX DENSITY IN A 
CORE MATERIAL». 
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MORE ON MAGNETICS . . 


' 





THE RELATIONSHIP BE= 
TwEEN B AND H IS NOT 
LINEAR; THEIR RATIO 
B/H (PERMEABILITY) AL- 
SO VARIES. 





5 


typical magnetiz 


LO 


ation curve 


AS MAGNETIZING FORCE ''H'' 
IS INCREASED, FLUX DENS- 
ITY "В! INCREASES RAPIDLY 
AT FIRST. Å RATHER ABRUPT 
DECREASE IN MAGNETIZATION 
RATE THEN OCCURS; THEN THE 
INCREASE iS SLIGHT. 





ADDITIONAL ILLUSTRATIONS +. +. + + + ° 


typical magnetization, permeability 
and saturation curve 


A PLOT OF FLUX DENSITY, 
MAGNETIZING FORCE AND 
PERMEABILITY FOR A TY= 
PICAL MAGNETIC MATER= 
FAL, READ FROM A SINGLE 
CURVE. 


saturation points for magnetic core materials 
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THE SATURATION POINT OF A 
CORE MATERIAL IS REACHED 
WHEN ANY FURTHER INCREASE 
IN MAGNETIZING FORCE "H" 
CAUSES NO FURTHER USEFUL 
INCREASE IN FLUX DENSITY 
"Ви, SATURATION POINTS 
VARY WITH DIFFERENT ALLOYSe 
THE PROPRIETARY MATERIALS 
SHOWN ARE MANUFACTURED BY 
ÅLLEGHENY=LUDLUM STEEL Con- 
PORATION. 


THE HYSTERESIS CYCLE s a s <+ < + 


MAGNETIZING FORCE H MAGNETIZING FORCE 1S RE- 











B , DUCED TO ZERO 
ВА 
Н 
% 
j t \ 
Z X a 
> 2 ! 
PT ມ໌ >, RES I DUAL 
Γ a” MAGNETIC væ ^ MAGNETISM B 
ке Ειειο B ee REMAINS 
IN AN ALTERNATING CURRENT FIELD, THE WHEN CURRENT IS REDUCED TO ZERO, FLUX 
CORE IS FIRST MAGNETIZED WHEN THE DENSITY IS ONLY PARTIALLY REDUCED. 
CURRENT FLOWS IN ONE DIRECTION. THE RESIDUAL FLUX IS Boe 
B 
DIRECTION OF MAGNETIZING FORCE 
(> REVERSED 
H 
DEMAG= 
NETIZING 
ຈ < FORCE 
v APPLIED 
х 8. REDUCED 
AS MAGNETIZING FORCE IS APPLIED IN OP= 
POSITE DIRECTION, BY REVERSAL OF THE 
CURRENT DIRECTION ccccoe 
FULL MAGNETIZING FORCE AP- 8 
PLIED IN OPPOSITE DIRECT 
H 
6 
% ж 
} 
f Ж 
e FULL FLUX DEMAGNE= 
N [ae “FLOW REINSTA- TIZING 
w. + 
Ж ~ TED IN OPPOSITE FORCE = 
DIRECTION COERCIVE 
AS MAGNETIZING FORCE IS FURTHER IN= FORCE H. 


CREASED TO MAXIMUM VALUE, THE MATER- 
IAL AGAIN ATTAINS ITS MAXIMUM FLUX 


eccooe A POINT IS REACHED WHERE FLUX 


DENSITY, BUT IN THE OPPOSITE DIRECT- 
LON» 


=б= 


15 REDUCED TO ZERO. 


THIS DEMAGNETIZING 


FORCE IS THE COERCIVE FORCE Hee 


o o o NAANDITHE HYSTERESIS LOOP 


HYSTERESIS IS THE LAG IN CHANGES OF MAG- 
NITUDE BEHIND THE VARIATIONS OF THE MAG= 
NETIC FORCE. 


typical hysteresis loop 








COMPLETING THE HYSTERESIS CYCLE PRODUCES 
A CLOSED "HYSTERESIS LOOP"; THE ENCLOSED 
AREA IS Å MEASURE OF THE ENERGY LOST IN 
THE CORE MATERIAL DURING THAT CYCLE. IN 
ALTERNATING CURRENT APPLICATIONS, THE TO- 
TAL HYSTERESIS POWER LOSS WILL DEPEND ON 
THE FREQUENCY. 
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A TYPICAL HYSTERESIS LOOP FOR 
MAGNETIC CORE MATERIAL == SMALL 
COERCIVE FORCE H REQUIRED TO 
ELIMINATE LARGE RESIDUAL MAGNE= 
ті5М В. 

R 





EDDY CURRENTS 








MAGNETIZING P 
FoRCE H 





EDDY CURRENTS 


IN ADDITION TO HYSTERESIS LOSS, ENERGY 
Is ALSO LOST THROUGH Εοου (Εουοαυιτ) 2 


— 
CURRENTS © THESE SMALL ELECTRICAL CUR- A ENERGY LOSS 





RENTS ARE INDUCED iN THE CORE MATERIAL i i ДА IN THE FORM 
BY THE CHANGING FLUX. THEIR MAGNITUDE poe | A OF HEAT 
DEPENDS ON THE FREQUENCY AND FLUX DENS- AS = 
MAGNETIC ຈ 
ITY IMPOSED BY THE APPLICATION AND 
К›кгр В 


ON THE SPECIFIC RESISTANCE AND THICK- 
NESS OF THE CORE MATERIAL. 


xU 





CONDUCTOR TERMINOLOGY o. e o e + +s AND MATERIALS 
MAGNET WIRE IS SPECIFIED THUS: 


THE UNITED STATES oee000000000000000 ACTUAL DIAMETER OF THE BARE CON- 
DUCTOR, IN INCHES; OR IN B AND S 
(BRowN AND SHARP), USUALLY CALLED 
THE AMERICAN WiRE GAUGE. IN THIS 
SYSTEM, EACH NUMBER REPRESENTS THE 
APPROXIMATE AMOUNT OF ONE DRAW IN 
THE DRAWING PROCESS OF COPPER MAG= 
NET WIRE. THERE IS NO AMERICAN 
STANDARD FOR MAGNET WIRE 512Е5. 


IN ENGLAND ce. dera ο sa BRITISH STANDARD WIRE GAUGE 
CONTINENTAL EUROPE + ooooooooooonooo ACTUAL DIAMETER, IN MILLIMETERS 


TRANSFORMER DESIGN 15 CONCERNED WITH THE AREA OF THE CONDUCTOR IN CIRCU- 
LAR MILLS. SOME POINTS TO REMEMBER? 


Ae USE A FACTOR OF 1.26 TO DETERMINE AREAS OF SUCCESSIVE WIRE SIZES. 


Be DIAMETERS HALVE, OR DOUBLE (APPROXIMATELY) EVERY SIX WIRE SIZES$ 
AREAS DOUBLE EVERY THREE SIZES. 


Co ÁREAS CHANGE BY A RATIO OF 10 IN EVERY 10 WIRE SIZES?. 


Do COMPUTE AREA OF SQUARE OR RECTANGULAR WIRE IN SQUARE MILLS == CONVERT 
TO CIRCULAR MILLS BY MULTIPLYING AREA BY 1.273 (CIRCULAR TO SQUARE 
MILL RECIPROCAL = 7854). 


CoPPER IS THE TIME-HONORED CONDUCTOR MATERIALS ALUMINUM IS ALSO USED FOR 
MANY APPLICATIONS. EACH HAS ITS ADVANTAGES == AND DISADVANTAGES. WE'LL coM- 
PARE THEM, BRIEFLY: 


STRETCH ooooooo.o.o.o ALUMINUM STRETCHES TO A MUCH GREATER EXTENT THAN 
COPPER ІМ THE WINDING PROCESS eceoeee BUT 00000 

RESISTANCE 6.19. OF COPPER IS INCREASED (By WORK HARDENING) CONS1D= 
ERABLY MORE THAN ALUMINUM WHEN IT'S WOUND. 


WEIGHT sesesesseon COPPER WEIGHS Do Je TIMES AS MUCH AS ALUMINUM cocce 
BUT e 0 о о ө 
CONDUCTIVITY 00000 OF ALUMINUM IS ONLY 61.8 PER CENT THAT OF COPPER. 


SPACE FACTOR .0 000 COPPER HAS A MUCH BETTER SPACE FACTOR THAN ALUMI- 
NUM c0 000 BUT 22... 

COSTS eceseccccees OF ALUMINUM ARE ONLY 40 PER CENT THAT OF COPPER, 
PER FOOT FOR A GIVEN WIRE SIZE», 


ALUMINUM PRESENTS A CONTACT PROBLEM WHERE LEADS ARE BROUGHT OUT; COPPER 
IS READILY SOLDERABLE OR CAN BE BRAZEDeo 


ALUMINUM IS WIDELY USED IN THIN STRIPS HARD ANODIZED FOR INTERLAYER INSU- 
LATION == THIS INCREASES ITS SPACE FACTOR. 


CORE MATERIALS . . o . . ο 


RADICAL IMPROVEMENTS HAVE BEEN MADE IN CORE EFFICIENCIES IN THE MORE 
THAN 80 YEARS OF DESIGN AND MANUFACTURE OF ELECTRICAL EQUIPMENT. IN THE 
EARLY DAYS, HOOP IRON == OF UNCERTAIN CHEMISTRY AND HAPHAZARD ROLLING TECH= 
NIQUES == WAS USED FOR CORE STRUCTURES. THE INDUSTRY HAS PROGRESSED TO 
STEELS WITH CAREFULLY CONTROLLED ANALYSES; MUCH ATTENTION IS PAID TO THE 
IMPROVED ELECTRICAL CHARACTERISTICS WHICH CAN BE OBTAINED BY PROPER ROLLING 
PROCEDURES» 


THE SILICON STEELS ARE THE MOST WIDELY USED CORE MATERIALS, PRODUCED 
BY SEVERAL STEEL MANUFACTURERS UNDER A VARIETY OF TRADENAMES, THESE RANGE 
FROM ABOUT O.5 PER CENT TO 5,0 PER CENT SILICON. OTHER MATERIALS == FOR 
SPECIAL APPLICATIONS AT TEKTRONIX == ARE HIGH PURITY IRONS, IRON/NIGKEL AL= 
LOYS}, IRON/NICKEL ALLOYS WITH SILICON, MOLYBDENUM, COPPER AND CHROME, IRON/ 
COBALT ALLOYS (WITH OR WITHOUT VANADIUM) AND "FERRITES' OR CERAMIC PROCESS 
ALLOY CORESe 


THE ADDITION OF SILICON TO STEEL INCREASES ITS ELECTRICAL RESISTANCE, 
THUS REDUCING EDDY CURRENT LOSSES. IT ALSO MINIMIZES THE EFFECT OF "AGING", 
A PHENOMENON RESULTING IN INCREASED ENERGY LOSS AFTER THE STEEL HAS BEEN IN 
SERVICE FOR SOME TIME. BUT SILICON STEEL MUST BE PROPERLY HEAT-TREATED TO 
ACHIEVE THE METALLURGICAL STABILITY NECESSARY TO PREVENT AGING. ON THE DE= 
BIT SIDE, SILICON LOWERS MAGNETIC SATURATION AND, IN THE HIGHER RANGES, IT 
CAUSES EMBRITTLEMENT о 


THE ARRANGMENT OF THE CRYSTALLINE STRUCTURE == OR GRAIN ORIENTATION == 
IS A SIGNIFICANT FACTOR AFFECTING THE MAGNETIC CHARACTERISTICS OF STEELSe 
WHEN MEASURED AT RIGHT ANGLES TO THE ROLLING DIRECTION, MANY OF THESE PROP= 
ERTIES ARE FROM 10 To 15 PER CENT POORER COMPARED TO THE SAME PROPERTIES 
MEASURED IN THE DIRECTION OF ROLLING, 


ORIENTED GRAIN CORE MATERIALS ARE PUNCHED OR SHEARED INTO REQUIRED SHAPES 
ALONG THE DIRECTION OF ROLLING SO THAT THE LONGEST PORTION OF THE MAGNETIC 
PATH IS IN THE BEST MAGNETIC DIRECTIONS 


REFER TO AISI STANDARDS FOR ELECTRICAL STEELS FOR MORE DETAILED INFORMA- 
ION ON PRODUCTION AND METALLURGICAL REQUIREMENTS. TEST PROCEDURES FOR ELEC= 
TRICAL STEELS ARE COVERED BY ASTM A-3h4-55, 


WE'VE ILLUSTRATED GRAIN ORIENTATION AND THE VARIATIONS IN PERMEABILITY 
OBTAINABLE IN DIFFERENT DIRECTIONS ALONG A SINGLE CRYSTAL OF IRON ON THE 
FOLLOWING PAGE» 


ORIENTATION IN GRAINS OF IRON 


DIRECTION 
OF ROLLING 


RANDOM ORIENTATION 


GRAIN BOUNDARY 


PREFERREO ORIENTATION AFTER 
Coto ROLLING ANO ANNEALING. 
DIRECTION OF 
ROLLING 








permeability along dif- 
ferent directions of a 
single crystal of iron 
. -- THIS CHART SHOWS THE WIDE DIFFER- 
ENCES IN PERMEABILITY OBTAINABLE 
IN DIFFERENT DIRECTIONS ALONG A 
SINGLE CRYSTAL (GRAIN) OF IRON, 
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THE CORE STRUCTURE så oe > 


ÅT NORMAL FLUX DENSITIES, CORE LOSSES IN ORIENTED SILICON STEELS ARE 
VERY LOWo THE LIMITATION ON THE CORE, THEREFORE, IS ITS FLUX HANDLING CA- 
PACITY (REGULAR AND EXTERNAL FIELD), RATHER THAN LOSS; THE OVERALL PERMEA- 
BILITY OF THE CORE STRUCTURE IS THE IMPORTANT CONSIDERATION, 


CORES ARE MANUFACTURED BY STACKING LAMINATIONS OF ELECTRICAL STEELSəo 
THERE ARE SEVERAL LAMINATION CONFIGURATIONS. FOR EXAMPLE? 


= 


Bur TEKTRONIX USES THE E-| LAMINATION ALMOST 
EXCLUSIVELY; WE'LL COVER THIS TYPE ONLY. 





THE "scRAPLESS' E=| LAMINATION IS PRODUCED 

BY PUNCHING Two BUTTING E's. THESE STAND= 

ARD LAMINATIONS ARE AVAILABLE FROM SEVERAL 

SOURCES. THEY'RE USUALLY STAMPED FROM A 
CONTINUOUS COIL OF SLIT=TO-SIZE STOCK} THE DIMENSIONS ARE SUCH THAT THEY MAY 
BE STAMPED IN A PROGRESSIVE DIE WITHOUT WASTING MATERIAL 5ο 


IN THIS LAMINATION, THE I'S ARE 
FORMED FROM THE WINDOWS. NOTE THESE 
PROPORTIONS: 


TONGUE 

ASSUMING THAT X = TONGUE WIDTH; 
Ae TONGUE LENGTH IS 1⁄2 X; 
В. WINDOW WIDTH IS 1? X; 


Co SIDE LEG WIDTH IS % X; 


WINDOW 


D. MAGNETIC PATH LENGTH = 


Š TONGUE SIZE X 6. 





SCRAPLESS 


LAMINATION SIZES ARE REFERRED TO BY TONGUE WIDTH == THUS, A 1' SCRAPLESS 
LAMINATION HAS A 1" TONGUE WIDTH. 
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о о ο ο е • ТО CONTINUE CORE STRUCTURES 


TO PROMOTE OPTIMUM OPERATING EFFICIENCIES, THESE FACTORS MUST BE CON] 
SIDERED. 


Ae PERMEABILITY OF THE MATERIAL AT OPERATING FLUX DENSITIES. SOME 
MATERIAL IS ANNEALED AND PROCESSED TO OBTAIN HIGH INITIAL PERMEA- 
BILITY OR HIGH PERMEABILITY AT == SAY 50 GAUSS == RATHER THAN HIGH 
PERMEABILITY IN THE 12,000 το 15,000 GAUSS REGION; 








B». MAXIMUM STACKING FACTOR’ [HIS REQUIRES MATERIAL OF UNIFORM THICKNESS, 
WITH GOOD SURFACE CHARACTERISTICS. THE LAMINATIONS MUST BE FLAT AND 
FREE FROM BURRS; 


Co MINIMUM AIR GAP». ACCURATE STAMPINGS, FLAT ACROSS THE ENDS OF THE 
SIDE LEGS AND TONGUE AND Wi TH SMOOTH SIDES ON THE I's, ARE REQUIRED. 


CONSIDER THE ILLUSTRATION OF A TYPICAL SCRAPLESS LAMINATION ON THE PRE- 
CEDING PAGE. IT'S APPARENT THAT THE FLUX AT POINTS "AN is AT RIGHT ANGLES TO 
THE GRAIN, PRESENTING A POOR FLUX РАТН» THE MOUNTING HOLES ARE ALSO "IN THE 
МАҮ! ОҒ THE MAGNETIC FLUX. CORE PERFORMANCE CAN BE IMPROVED BY CHANGING THE 
SHAPE OF THE LAMINATIONS .00.000 


Ae INCREASE THE WIDTH OF THE BACK LEGS AND |'s AND/OR INCREASE THE RATIO 
oF LENGTH "A" TO THE TONGUE LENGTH; 


Bo SET THE HOLES TO THE OUTSIDE OR ELIMINATE THEM IN FAVOR OF OTHER 
MOUNTING METHODS; 


Ce LENGTHEN THE TONGUE AND INCREASE THE WIDTH OF THE WINDOW. 


BUT THESE IMPROVEMENTS ARE FREQUENTLY MADE AT THE COST OF WASTED MATERIAL 
(THUS, INCREASED UNIT COST), AND STAMPING IS OFTEN MORE DIFFICULT. 


7/32 holes, set 
044 - cenfer 
The TEKTRONIX HIGH EFFICIENCY EEE 


1=3/8" L LAMINATION 1S A PRAC= 
TICAL SOLUTION TO MANY OF THE 
PROBLEMS INHERENT IN A STANDARD 
LAMINATION. NUMEROUS TESTS IN= 
DICATE IT'S 20 PER CENT MORE EF- 
FICIENT THAN A STANDARD SCRAP= 
LESS. It'S MORE EFFICIENT FOR 
ITS CUBIC SIZE THAN A STANDARD 
12 or 14 mit "C" core, WHEREAS 
STANDARD LAMINATIONS ARE LESS 
EFFICIENT THAN C CORES. 








ТЕК 13281. 


dou 


DISCUSSING THE TEKTRONIX 1-3/8" L LAMINATION . , . o. © e 
IN THIS LAMINATION (Square stack 1-3/8" L); 
VOLUME cococcco ce 22 CUBIC INCHES 
WEIGHT sceseceses 6205 LBSe3 16.2 LAMINATIONS PER LB. 


STACKING FACTOR 0.9 


BOO? 
MAX ERN ET 
L 
ay 2 
HENRIES L, =. (< 5506: x. O `) K N UAC 


L = 10.9" 
AREA = 1.89 SQUARE INCHES 
WINDOW AREA = 2.63 SQUARE INCHES. 


THE BEST CORE MATERIALS WILL NOT ASSURE OPTIMUM PERFORMANCE IN A TRANS- 
FORMER o GOOD DESIGN AND CAREFUL ATTENTION TO MANUFACTURING TECHNIQUES AND 
QUAL! TY CONTROL PROCEDURES ARE PARALLEL REQUISITES. 


EXTREME CARE MUST BE EXERCISED TO: 


Ao PREVENT UNEVEN OR EXCESSIVE PRESSURES IN THE MECHANICAL CLAMP= 
ING OF LAMINATIONSO UNEQUAL STRAIN WILL SERIOUSLY IMPAIR МАС- 
NETIC CHARACTERISTICS. 


Be MINIMIZE BURRS ON THE STAMPINGS. GOOD PRACTICE LIMITS BURRS 
TO MUCH LESS THAN 0,003" on 0.014"! MATERIAL» 


Co PROPERLY ANNEAL THE PARTS AFTER FABRICATION, 
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AND THE OTHER TRANSFORMER MATERIALS + é + 4 =. а 
| NSULAT ION 
THERE ARE THREE BASIC TYPES OF ELECTRICAL INSULATION? 
Ae | INCRGANIC oovooeoovoo MICA, GLASS, CERAMICS, ETC»; 


Bo ORGANICS sevvoeoeeooo PAPER, CLOTHS, SYNTHETIC MATERIALS, VAR= 
NISHES, ETCe} 


Ce  SEMI-ORGANICS 000000 SILICONES (RESINS, VARNISHES, ETCe)e 


THESE MATERIALS ARE CLASSIFIED == BY ÅlEE STANDARD No. 1 == AS TO MAXIMUM 
TEMPERATURE RATINGS FOR CONTINUOUS OPERATING CONDITIONS. LIKE THIS? 


THE CLASS THE MATERIAL Max imum "HoTtSPoT!" 
0 
0 COTTON, SILK}, ETCo (NOT IMPREGNATED) 90° °C 
0 
A CoTTON, SILK, PAPER, ETC.  (IMPREGNATED) 1059” Ὁ 
0 
B MICA, GLASS FIBER, ASBESTOS, ETC, 129 p 
F MICA, GLASS FIBER, ASBESTOS, ETCe, WITH š 
SUITABLE BINDERS. 195 -0 
H SILICONES, MICA, GLASS FIBER, ASBESTOS, Ж 
ETCey WITH SUITABLE BINDERS» 4080 6 
C INSULATION THAT CONSISTS ENTIRELY OF MICA, 
PORCELAIN, GLASS, QUARTZ AND SIMILAR IN- 
0 
ORGANIC MATERIALS. 2207-46 


Most oF TEK'sS UNITS ARE DESIGNED FOR CLASS A OPERATION, BUT WE USE MANY 
CLASS B AND F MATERIALS» 


CORE TUBES == THE FORMS ON WHICH COILS ARE WOUND == ARE CLASSED AS GROUND 
INSULATION. MOST COMMERCIAL TUBES ARE TYPE A. THEY'RE FABRICATED BY SPIRALLY 
WRAPPING SUFFICIENT LAYERS OF GUMMED PAPER OVER A MANDREL TO OBTAIN THE RE- 
QUIRED ELECTRICAL AND MECHANICAL STRENGTHS. THE SAME PROCEDURE IS USED WITH 
PAPER AND PHENOLIC RESINS. CLASS B AND Εξ UNITS USE FIBER GLASS OR SYNTHETIC 
MICA, WITH A POLYESTER OR SIMILAR RESIN FOR THE BINDER. THE SAME BASE MAT= 
ERIALS ARE USED FOR CLASS H, WITH SILICONE RESINS AS THE BINDER, 


TEKTRONIX MAKES ITS OWN CORE TUBES, FROM FISH PAPER. DESPITE THE FACT 
IT'S ONLY 0.020" THICK (MUCH THINNER THAN COMMERCIAL TYPES, IT SAVES SPACE 
IN THE WINDOW), FISH PAPER HAS EXCELLENT MECHANICAL STRENGTH AND RIGIDITY, 
TO HOLD ITS SHAPE AND RESIST CUTTING BY THE LAMINATIONS, 


We use KRAFT GOIL PAPER, 100 PER CENT RAG PAPER, FISH PAPER, POLYESTER 
WEB OR MAT, AND VARNISHED POLYESTER MAT FOR INTERLAYER INSULATION ΙΝ WIND= 
ING COILSe EACH HAS ITS OWN PECULIARITIES AND ADVANTAGES FOR A SPECIFIC 
APPLICATION. KRAFT COIL PAPER, WHICH IS INEXPENSIVE AND TOUGH, IS ALSO USED 
FOR WRAPPERS. 


FOR ITS WIRE ENAMELS, TEKTRONIX IS STANDARDIZING ON A HEAVY FILM BUILD 
POLY-URETHANE, WITH AN OUTER COATING OF NYLON. POLY-URETHANE IMPARTS HIGH 
DIELECTRIC STRENGTH, HAS A LOW LOSS FACTOR, AND PROVIDES AN EXCELLENT BASE 
FOR THE NYLON. NYLON'S SLICK SURFACE PROMOTES EASE OF WINDINGS IT ALSO HAS 
GOOD ABRASION RESISTANCE AND CLEANLINESSe THE POLYURETHANE AND NYLON COAT= 


«Ts 


FURTHER ON TRANSFORMER MATERIALS . . « w < < 


INGS ARE SELF=FLUXINGe THIS MAKES SOLDER POT TINNING POSSIBLE, ELIMINATING 
MECHANICAL STRIPPING METHODS. 


TUB ING 


IT'S BEEN DIFFICULT TO FIND A TUBING THAT WOULD MEET ALL OUR REQUIRE= 
МЕМТ5 


Ae EASY TO STRIP. 

B» | ABRASION-RESISTANT. 

Ce FLEXIBLE. 

0. COMPATIBLE WITH OUR IMPREGNATION PROCESSESo 
E. MECHANICALLY STRONG. 

Fe | SMOOTH, 


WE NOW USE A GRADE BB1 FIBER GLASS SLEEVING, IMPREGNATED WiTH A SPECIAL 
POLYESTER RESIN, AS OUR GENERAL-PURPOSE TUBING. 


ELECTRICAL TAPES 


ELECTRICAL PRESSURE-SENSITVE TAPES PLAY A VERY IMPORTANT PART IN COIL CON]= 
STRUCTION. THEIR PRIMARY FUNCTIONS ARE TO HOLD WIRES IN PLACE, AT THE SAME 
TIME: INSULATING THEM FROM OTHER PARTS IN THE UNITSO SOME COROLLARY REQUIRE= 
MENTS ARES 


Ao RESIST ABRASION, 

Be PROVIDE A MOISTURE BARRIERo 

Co PROVIDE A LEAD IDENTIFICATION (BY USE OF COLORED TAPE). 
De XOccuPY A GIVEN AMOUNT OF SPACE, 


SOME OF THE FACTORS INVOLVED IN SELECTING ELECTRICAL TAPES FOR SPECIFIC 
APPLICATIONS ARES 


Ae CLASS OF INSULATION}, BASED ON THE AIEE MAXIMUM HOT SPOT CLASSIFI= 
CATIONS PREVIOUSLY DESCRIBED. MOST ELECTRICAL TAPES ARE CLASS А; 
CLass B ano H TAPES ARE ALSO AVAILABLE, 


Bo TEAR STRENGTHo THE HEAVIER THE WIRE GAUGEy THE GREATER THE NEED 
FOR A TAPE WITH A HIGH TEAR STRENGTHe 


С. TAPE CORROSIVENESS. SOME OF THE MATERIALS USED IN PROCESSING TAPE 
BACKINGS MAY CONTRIBUTE TO WIRE CORROSION == EoGe, PAPER TAPES 
CONTAIN A HIGH CONCENTRATION OF SALTS, WHICH PROMOTES ELECTROLYTIC 
CORROSION, 


De DIELECTRIC STRENGTH. THE ABILITY TO WITHSTAND DESIGNED VOLTAGES 
WITHOUT BREAKING DOWN IS IMPORTANT. 


Ee TEMPERATURES INVOLVED. ELECTRICAL TAPES MUST BE ABLE TO WITH= 
STANO THE ELEVATED TEMPERATURES INVOLVED IN BAKING THE UNITS TO 
EXPEL MOISTURE. 
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WE'RE TALKING ABOUT ELECTRICAL TAPES . o o o + o 


Fe SURFACE TEXTURE, |CREPE''! SURFACES CONFORM TO IRREGULAR CONF I GU= 
RATIONS BETTER THAN FLAT" TEXTURES» 


Gə Сост» 


ASTM D-1000-53T SPECIFIES TEST PROCEDURES FOR ELECTRICAL TAPES. IN GEN] 
ERAL, THIS SPECIFICATION COVERS THESE TESTS: 


Ae ADHESION. 
B, INSULATION RESISTANCE. 
Co VALUE OF INDIRECT ELECTROLYTIC CORROSION CURRENT. 


TEKTRONIX HAS STANDARDIZED ON A RAYON CLOTH ELECTRICAL TAPE, WITH A RUB= 
BER BASE ADHESIVE WHICH WILL HEAT CURE AND WHICH ALSO HAS EXCELLENT "rack" 
BEFORE IT'S HEATEDo 


THE IMPREGNANTS 


AFTER ELECTRICAL UNITS ARE BAKED TO EXPEL MOISTURE, THEY ARE THEN IMPREG- 
NATED.  TEKTRONIX HAS ALWAYS USED AN OIL-MODIFIED PHENOLIC-ALKYD VARNISH COM- 
POUND FOR THIS PURPOSE». THIS HEAT CURES FROM THE INSIDE OUT, DUE TO THE HEAT- 
REACTIVE PROPERTIES ΟΕ THE RESIN. But WE'RE NOW CHANGING OVER TO A RESIN= 
MODIFIED TYPE VARNISH (POLYESTER) WHICH IS ALSO HEAT-REACTIVE, 


WE ALSO USE VARIOUS EPOXY RESINS, AS WELL AS A HIGH MELTING=POINT WAX COM= 
POUNDe 
TERMINAL BOARDS 


TERMINAL BOARDS MUST PROVIDE ADEQUATE MECHANICAL AND ELECTRICAL STRENGTH, 
AND MUST PRESENT A GOOD APPEARANCE. FABRICATION PROBLEMS AS WELL AS COST 
INFLUENCE THE SELECTION OF MATERIALS 7- WE BELIEVE THE BETTER GRADE PHENOLICS 
TO BE THE BEST CHOICE, ECONOMICALLY. 
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CERTAIN BASIC FORMULAS . . . . . » AND DESIGN/PERFORMANCE CRITERIA 
THESE ARE SOME OF THE FORMULAS REGULARLY USED IN TRANSFORMER DESIGN? 
(1) L = 3.19 МА weer 10%, WHERE: 
fe 

L = INDUCTANCE ІМ HENRIES N = NUMBER OF TURNS 

A = CORE CROSS SECTION, IN SQUARE INCHES 
BP EFF = EFFECTIVE PERMEABILITY OF COMPLETE CORE AND AIR GAP 

he = LENGTH OF MAGNETIC PATH, IN INCHES 


K = STACKING FACTOR (.9 IS GENERALLY ASSUMED) 
* ж k k Жж 4 kxk se 
(2) B = A 58.7 X 10? GAUSSES PER VOLT, AT 60 CYCLES, WHERE; 
MAX 
KN 
À = CROSS SECTION, IN SQUARE INCHES 


= 
lI 


NUMBER OF TURNS 
жж ж ж hk ж Ж ж ж ж ж ж ж ж ож 


TEKTRONIX TRANSFORMERS ARE DESIGNED FOR A MEAN PRIMARY VOLTAGE OF 117. 
For a 1" GROSS SECTION, A STACKING FACTOR OF UNITY WOULD REQUIRE 680 TURNS.o 
ASSUMING A STACKING FACTOR OF .9, THIS BECOME 756 TURNS FOR 117 VOLTS AT A 
FLUX DENSITY OF 10,000 GAUSS 


FORMULA (2) IS DERIVED FROM THE BASIC FORMULA WHICH ASSUMES A SINE WAVES 


2 8 
(3) Bax = Ex 10 


l, X FORM FACTOR X N x A x F 


A = SQUARE CENTIMETERS 


THE CORE ACTUALLY''SEES''THE AVERAGE VOLTAGE. THE RMS VOLTAGE OF A SINE 
WAVE IS 1.1 X THE AVERAGE VOLTAGE == THIS RELATIONSHIP IS CALLED THE FORM 
FACTOR, 


DURING EVERY CYCLE, THE VOLTAGE CHANGES ABRUPTLY FOUR TIMES. THE RESULT- 
ANT FLUX "curs!" EACH TURN, INTRODUCING A COUNTER EMF IN THE PRIMARY AND INDUC- 
ING A VOLTAGE IN THE SECONDARY. 


IT CAN THUS BE SEEN THAT) WAVE FORM, FREQUENCY, VOLTAGE, CORE MAGNETIC CA- 
PABILITIES AND CORE AREA ARE ALL INTER=RELATED. 


THE 10 IN THE DENOMINATOR OF THE ABOVE FORMULA IS THE AMOUNT OF MAGNETIC 
FLUX REQUIRED TO INOUCE ONE VOLTe 


DESIGN AND PERFORMANCE CRITERIA 
WE CONSIDER THE PRINCIPAL REQUIREMENTS OF A POWER TRANSFORMER TO BE: 
Ao LONG LIFE. 
Bo RELIABILITY. 
Ce REASONABLE OPERATING TEMPERATURE 
De ABILITY TO MEET THE DESIGN REQUIREMENTS 
Es ECONOMY. 


Fe GOOD APPEARANCE» 
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AND THESE ARE SOME OF THE FACTORS TO BE CONSIDERED (THEY RE ALL 


DESIGN AND PERFORMANCE CRITERIA 


RELATED) == AND WHAT'S INVOLVED? 


Ae 


Co 


De 


Fs 


Ho 


2 
KEEP COPPER Loss (| R) LOW ...... 


MINIMIZE CORE Loss (THROUGH HYS- 
TERESIS AND EDDY CURRENTS) cc se» 


KEEP EXTERNAL FIELD LOW 


9? ? ? 2 ວ ວ 29 


PROVIDE HIGH REGULATION 


9909099908 


MINIMIZE CUBIC AREAS KEEP 
WEIGHTS REASONABLE 


ອ 9 993? 9 9 ຈ 3 6 ອວ 


KEEP TEMPERATURE RISE LOW 


r 99009009 


ASSURE QUIET OPERATION 


0199900999 


PROVIDE A PRACTICAL SHAPE FOR 
A PARTICULAR APPLICATION ооо» • 


Costs 


ອ 9999 o  @ @ O @ 000 0 9 Q 09 90999 090 0 00 99 9 


SB 


INTER= 
USE OPTIMUM WIRE AND CORE SIZEs 


BY PROPER CORE SIZE, GRADE OF 
MATERIAL, OPTIMUM FLUX DENSITY 
AND CORRECT ASSEMBLY» 


THROUGH PROPER CORE ASSEMBLY, 
REASONABLE FLUX DENSITY AND COR= 
RECT GRADES OF MATERIAL» 


BY ADEQUATE CORE SIZE, CORRECT 
ASSEMBLY, FLUX DENSITY AND SUF= 
FICIENT COPPER» 


BY OVERALL GOOD DESIGN AND ASSEM- 
BL Y e 


REQUIRES CONSIDERATION OF THER= 
MAL EFFECTS IN CONJUNCTION WITH 
GOOD DESIGN, 


BY GOOD CORE DESIGN, REASONABLE 
FLUX DENSITIES, CAREFUL ASSEMBLY 
АМО 6000 ІМРКЕСМАТІОМ» 


BY CHOICE OF CORE SIZE AND SHAPE, 


MUST BE KEPT AT LOWEST POSSIBLE 
LEVELS, WITHOUT JEOPARDIZING THE 
REQUIREMENTS FOR THE EQUIPMENT. 

THIS CAN BE ACHIEVED BY BALANCED 
DESIGN AND BY GIVING ADEQUATE 
CONSIDERATION TO ALL MATERIALS 
AVAILABLE, MAKING THE BEST ECONO- 

MIC CHOICES THROUGHOUT. 


TEKTRONIX TRANSFORMERS . . . 
THEIR DESIGN AND MANUFACTURE 


SECTION | 


PART 2 - DETAIL DATA ON 
MATERIALS AND DESIGN 
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PREFACE 


THus FAR, WE'VE DEALT MOSTLY IN THE GENERALITIES OF TRANSFORMER MATERIALS, 
BASIC MAGNETICS AND DESIGN FACTORS, WITH A FEW SPECIFIC DETAILS TO CLARIFY 
PARTICULAR POINTS. 


IT's IMPORTANT TO RECORD AND UNDERSTAND THESE GENERALITIES. BUT MODERN 
TRANSFORMER DESIGN AND MANUFACTURE == PARTICULARLY OF THE HIGH QUALITY AND 
PERFORMANCE STANDARDS DEMANDED OF THE TEKTRONIX UNITS == 15 PREDICATED ON 
HIGHLY SPECIALEZED KNOWLEDGE». 


WE DEPEND ON OUR SUPPLIERS, WHOSE RESEARCH AND DEVELOPMENT HAS FACILITATED 
MANY OF THE IMPROVEMENTS ІМ THE FIELD, FOR MUCH OF THE DATA WE USE IN TRANS= 
FORMER DES!GN AND SPECIFICATION OF MATERIALS. WE PARALLEL THIS WITH OUR OWN 
SPECiAL KNOWLEDGE AND ADVANCEMENTS ІМ THE STATE OF THE ARTO 


IT'S DIFFICULT TO VERBALIZE SOME OF OUR LORE. MucH OF IT RESULTS FROM EX= 
PERIMENT AND EXPERIENCE WHICH IS TRANSLATED INTO FEEL" RATHER THAN ¡NSTRUC= 
TLONe THES PART OF THE MANUAL WILL, HOWEVER, RECORD SOME OF THE MORE TAN- 
GIBLE ASPECTS OF OUR KNOWLEDGE AND SKILLS 


CREDITS 
PAGE SOURCE 
20=22 AMERICAN INSTITUTE OF ELECTRICAL ENGIN- 
EERS, PUBLICATION Now 1. 
28 WESTINGHOUSE ELECTRIC CORPORATION. 
25-38 IRVINGTON DivISION, MINNESOTA MINING AND 
MANUFACTURING COMPANY. 
hh PERMACEL 
47-51 THE JouN C. DoLPH COMPANY, 


CONDUCTORS o o o o o e SPECIFIC DATA ON CLASSIFICATIONS AND SIZES 
TEMPERATURE CLASSIFICATIONS FOR MAGNET WIRES 


TEMPERATURE RATINGS FOR MAGNET WIRE ARE GENERALLY BASED ON PUBLICATION 
Noe 1 OF THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, GENERAL PRINCIPLES 
Upon WHICH TEMPERATURE LIMITS ARE BASED IN TME RATING OF ELECTRIC EQUIPMENT, 
DATED JUNE, 1957. 


AIEE Now 1 ESTABLISHES CERTAIN CLASSES OF INSULATING MATERIALS; THESE 
ARE GIVEN BELOW. IT 1S RECOGNIZED, HOWEVER, THAT TEMPERATURE ALONE DOES 
NOT DETERMINE THE SUITABILITY OF AN INSULATION. PROCESSING OF EQUIPMENT 
AND APPLIANCES, SUPPLEMENTAL INSULATIONS AND IMPREGNATIONS, COMPATABILITY 
OF ALL COMPONENTS, MECHANICAL SUPPORT, AND ENVIRONMENT AND SERVICE CONDI- 
TIONS ENCOUNTERED ARE SOME OF THE OTHER FACTORS THAT INFLUENCE MAGNET WIRE 
LIFE; THESE TOO SHOULD BE CONSIDERED IN ALL DESIGNS. 


EXCESSIVELY HIGH TEMPERATURES IMPAIR THE USEFUL PROPERTIES OF MAGNET 
WIRE INSULATIONS, CAUSE DETERIORATION AND, IN THE ULTIMATE, RESULT IN CUR= 
TAILED LIFE. THE LIMITING INSULATION TEMPERATURE (LIMITING HOTTEST=SPOT 
TEMPERATURE) IS DEFINED IN AIEE No, 1 As THE TEMPERATURE SELECTED FOR A 
DESIRED LENGTH OF LIFE OF THE INSULATION, TEMPERATURE CLASSES FOR THE 
LIMITING INSULATION TEMPERATURE AND DEFINITIONS OF INSULATING MATERIALS 
FOR THESE CLASSES AS CONTAINED IN AIEE No. 1 ARE INDICATED BELOW: 


TEMPERATURE DEFINITIONS OF INSULATING MATERIALS 
CLASSIFICATION 


90 С (Cuass 0) MATERIALS OR COMBINATIONS OF MATERIALS SUCH 
AS COTTON, SILK, AND PAPER WITHOUT IMPREGNATIONe 
OTHER MATERIALS OR COMBINATIONS OF MATERIALS MAY 
BE INCLUDED IN THIS CLASS IF BY EXPERIENCE OR 
ACCEPTED TESTS THEY CAN BE SHOWN TO BE CAPABLE OF 
OPERATION AT 90 Co 


105 C (Crass A) MATERIALS OR COMBINATIONS OF MATERIALS SUCH AS 
COTTON, SILK, AND PAPER WHEN SUITABLY IMPREGNATED 
OR COATED OR WHEN IMMERSED IN A DIELECTRIC LIQUID 
SUCH AS OlLo OTHER MATERIALS OR COMBINATIONS OF 
MATERIALS MAY BE INCLUDED IN THIS CLASS IF BY EX= 
PERIENCE OR ACCEPTED TESTS THEY CAN BE SHOWN TO BE 
CAPABLE OF OPERATION AT 105 C. 


130 C (Crass B) MATERIALS OR COMBINATIONS OF MATERIALS SUCH AS MICA, 
GLASS FIBER, ASBESTOS, ETC», WITH SUITABLE BONDING 
SUBSTANCES. OTHER MATERIALS OR COMBINATIONS OF 
MATERIALS NOT NECESSARILY INORGANIC, MAY BE INCLUDED 
IN THIS CLASS IF BY EXPERIENCE OR ACCEPTED TESTS 
THEY CAN BE SHOWN TO BE CAPABLE OF OPERATION AT 
150 С. 
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TEMPERATURE CLASSIFICATIONS FOR MAGNET WIRES 


TEMPERATURE DEFINITIONS OF INSULATING MATERIALS 
CLASSIFICATION 


155 (CLASS- E) MATERIALS OR COMBINATIONS OF MATERIALS SUCH AS 
MICA, GLASS FIBER, ASBESTOS, ETCo, WITH SUITABLE 
BONDING SUBSTANCES. OTHER MATERIALS OR COMBINA= 
TIONS OF MATERIALS, NOT NECESSARILY INORGANIC, 
MAY BE INCLUDED iN THIS CLASS IF BY EXPERIENCE 
OR ACCEPTED TESTS THEY CAN BE SHOWN TO BE CAPABLE 
OF OPERATION AT 155 C. 


180 C (CLass H) MATERIALS OR COMBINATIONS OF MATERIALS SUCH AS 
SILICONE ELASTOMER, MICA, GLASS FIBER, ASBESTOS, 
ETC. WITH SUITABLE BONDING SUBSTANCES SUCH AS 
APPROPRIATE SILICONE RESINSe OTHER MATERIALS OR 
COMBINATIONS OF MATERIALS MAY BE INCLUDED IN THIS 
CLASS ΙΕ BY EXPERIENCE OR ACCEPTED TESTS THEY CAN 
BE SHOWN TO BE CAPABLE OF OPERATION AT 180 C. 


220 С MATERIALS OR COMBINATIONS OF MATERIALS WHICH BY 
EXPERIENCE OR ACCEPTED TESTS CAN BE SHOWN TO BE 
CAPABLE OF OPERATION AT 220 C, 


Over 220 C (Crass C) INSULATION THAT CONSISTS ENTIRELY OF MICA, PORCE= 
LAIN, GLASS, QUARTZ, AND SIMILAR INORGANIC MATER= 
ALS. OTHER MATERIALS OR COMBINATIONS OF MATERIALS 
MAY BE INCLUDED IN THIS CLASS iF BY EXPERIENCE OR 
ACCEPTED TESTS THEY CAN BE SHOWN TO BE CAPABLE OF 
OPERATION AT TEMPERATURES OVER 220 С, 


NoTES: 


1. INSULATION IS CONSIDERED TO BE "iMPREGNATED!! WHEN A SUITABLE SUBSTANCE 
PROVIDES A BOND BETWEEN COMPONENTS OF THE STRUCTURE AND ALSO A DEGREE OF 
FILLING AND SURFACE COVERAGE SUFFICIENT TO GIVE ADEQUATE PERFORMANCE UNDER 
THE EXTREMES OF TEMPERATURE, SURFACE CONTAMINATION (MOISTURE, DIRT, ETC.), 
AND MECHANICAL STRESS EXPECTED IN SERVICE. THE IMPREGNANT MUST NOT FLOW 
OR DETERIORATE ENOUGH AT OPERATING TEMPERATURE SO AS TO SERICUSLY AFFECT 
PERFORMANCE IN SERVICE, 


2, THE ELECTRICAL AND MECHANICAL PROPERTIES OF THE INSULATION MUST NOT BE 
ΙΜΡΑΙΗΕΟ BY THE PROLONGED APPLICATION OF THE LIMITING PNSULATION TEMPERA= 
TURE PERMITTED FOR THE SPECIFIC INSULATION CLASS. THE WORD "IMPAIRED" 05 
HERE USED IN THE SENSE OF CAUSING ANY CHANGE WHICH COULD DISGUALIFY THE 
INSULATING MATERIAL FOR CONTINUOUSLY PERFORMING iTS INTENDED FUNCTION 
WHETHER CREEPAGE SPACING, MECHANICAL SUPPORT, CR DIELECTRIC BARRIER ACTION, 
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TEMPERATURE CLASSIFICATIONS FOR MAGNET WIRES 
(NoTES, CONTINUED) 


5. IN THE ABOVE DEFINITIONS THE WORDS "ACCEPTED TESTS" ARE INTENDED TO 
REFER TO RECOGNIZED TEST PROCEDURES ESTABLISHED FOR THE THERMAL EVALUATION 
OF MATERIALS BY THEMSELVES OR IN SIMPLE COMBINATIONS. EXPERIENCE OR TEST 
DATA, USED IN CLASSIFYING INSULATING MATERIALS, ARE DISTINCT FROM THE 
EXPERIENCE OR TEST DATA DERIVED FOR THE USE OF MATERIALS IN COMPLETE INSULA= 
TING SYSTEMS. THE THERMAL ENDURANCE OF COMPLETE SYSTEMS MAY BE DETERMINED 
BY TEST PROCEDURES SPECIFIED BY THE RESPONSIBLE TECHNICAL COMMITTEES. А 
MATERIAL THAT 1S CLASSIFIED AS SUITABLE FOR A GIVEN TEMPERATURE IN THE 
ABOVE MAY BE FOUND SUITABLE FOR A DIFFERENT TEMPERATURE, EITHER HIGHER 

OR LOWER, BY AN INSULATION SYSTEM TEST PROCEDURE. FOR EXAMPLE, iT HAS 
BEEN FOUND THAT SOME MATERIALS SUITABLE FOR OPERATION AT ONE TEMPERATURE 
IN AIR MAY BE SUITABLE FOR A HIGHER TEMPERATURE WHEN USED IN A SYSTEM 
OPERATED IN AN INERT GAS ATMOSPHERE, 


h, iT IS IMPORTANT TO RECOGNIZE THAT OTHER CHARACTERISTICS, IN ADDITION 
TO THERMAL ENDURANCE, SUCH AS MECHANICAL STRENGTH, MOISTURE RESISTANCE, 
AND CORONA ENDURANCE, ARE REQUIRED IN VARYING DEGREES IN DIFFERENT APPLI=- 
CATIONS FOR THE SUCCESSFUL USE OF INSULATING MATERIALS. 
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DATA ON NYLON/POLY-URETHANE COATED MAGNET WIRE 


TEKTRONIX USES A FILM=INSULATED SOLDERABLE MAGNET WIRE HAVING A NYLON 
COAT OVER A PoLY-URETHANE ENAMELe NYLON AND POLY=URETHANE ARE BOTH SOLDER= 
ABLE. NYLON PROMOTES EASE IN WINDING; POLY-URETHANE 185 MOISTURE RESISTANT. 


OTHER FEATURES OFFERED BY NYLON/POLY-URETHANE COATED MAGNET WIRE ARE: 


A. 
B. 


C. 


D. 


F. 


G. 


He 


Je 


COLORED FOR EASY IDENTIFICATION, 


IT'S AVAILABLE IN THREE GRADES == SINGLE, HEAVY (WHICH TEKTRONIX 
USES),AND TRIPLE == AND ἐν A RANGE OF SIZES FROM 15 AWG то 4O AWG. 


IT'S THE BEST CHOICE WHERE THESE COMBINED PROPERTIES ARE NECESSARY? 
(1) EXCELLENT SOLDERABILITY. 


(2) OUTSTANDING SLIPPERINESS AND TOUGHNESS FOR SEVERE WINDING 
CONDITIONS» 


(3) SUPERIOR MOISTURE RESISTANCES 

(4) HIGH DIELECTRIC STRENGTH. 

(5) Hor RESISTANCE TO VARNISHES AND POTTING COMPOUNDS» 
(6) HIGH THERMOPLASTIC FLOW TEMPERATURES, 

(7) ExcELLENT FLEXIBILITY. 


FINE WIRE CAN BE USED TO ADVANTAGE IN DEVICES HAVING LIMITED WINDING 
SPACE AND REQUIRING HIGHEST SPACE FACTORe 


HEAVY-FILM WIRE iS USED FOR ALL HEAVY-DUTY EQUIPMENT DEMANDING TOUGH, 
WEAR-RESISTANT PNSULATION WITH GREATLY EXTENDED 'l'ovkERLOoAO' PROTEC- 


TION, 


THIS WIRE SOLDERS READILY AT 680°F, PRODUCING FIRM, ELECTRICALLY 
SOUND CONNECTIONSe 


IT HAS VERY GOOD MOISTURE RESISTANCE, GIVING IT EXCELLENT DI ELECTRIC 
PROPERTIES UNDER ALL HUMID CONDITIONS. THE DIELECTRIC STRENGTH IS 
HIGH AND THE DIELECTRIC LOSS iS LOW, EVEN AT 100 PER CENT RELATIVE 
HUMIDITY CONDITIONS, 


THE NYLON COATING PERMITS RANDOM WIRING WITH HIGHER TENSION AND FAS- 
TER SPEEDS. 


IT CAN BE POTTED WITH INSURANCE AGAINST CHEMICAL ATTACK FROM HOT COM= 
POUNDS AND HEAT CUT=THROUGH PROBLEMS. 


IT'S RATED AT CLASS 105C (AIEE Crass A). 


REFER To MIL-W-582A FOR MILITARY REQUIREMENTS. 


THE TABLE ON THE FOLLOWING PAGES LISTS THE PROPERTIES OF A TYPICAL NYLON/ 
Ροι Υ-υΒΕΤΗΑΝΕ COATED MAGNET WIRE», 
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DATA ON NYLON/POLY-URETHANE COATED MAGNET WIRE 


NAME oF TEsT | DESCRIPTION | RESULTS 


PHYSICAL PROPERTIES | | 
ADHERENCE | nema snar rest PK 


FLEXIBILITY As RECEIVED = OK 
STRETCHED 25% AND 1X OK 
AFTER 168 uouns at 125C 
WOUND ON ЗХ MANDREL. OK 


ELONGATION ELONGATION TO FAILURE AT A RATE|| WIRE Minimum 
NOT GREATER THAN 12 INCHES PER SIZE ELONGATION 
MINUTE 15-20 30 

21-35 25% OK 

26-35 20% OK 

36-40 15% OK 


ABRASION SCRAPE NEMA REPEATED SCRAPE TEST AVERAGE STROKES 
(0,016 iN. NEEDLE) 39-91 


SOLVENT RESISTANCE HOUR IMMERSION IN SOLVENT, 
FOLLOWED BY A CHEESECLOTH WIPE. 









SOLVENT RESULTS 
V.M.&P NaPTHA ΟΚ 





ToLuoL OK 
ETHANOL . OK 
196 KOH OK 
596 H,S0), OK 


THERMAL PROPERTIES 


THERMAL STABILITY | AIEE TEST PROCEDURES 


HEAT SHOCK ONE HOUR ІМ OVEN AT 125C AF- 
: TER 1X MANDREL WRAP. OK 


Crass A RATING 


ONE HOUR ІМ OVEN AT 125C AF= 
TER 25% ELONGATION AND 1X MAN= 
DREL WRAP, 











SINGLE 3000-4000 
HEAVY 2500-5200 
TRIPLE 2200-2600 


DISSIPATION FACTOR (0)| MEASUREMENTS IN MERCURY AT Frequency OD 
AND DIELECTRIC ы! 25 С ano 50% RELATIVE HUMID= 100 cPs 1 
(K) ITY 1000 ces 1. 
10 KC es 
e 
2 


SOLDERABILITY IMMERSED IN 50/50 TIN-LEAD TIME 
SOLDER AT 360C Sec. 
9-15 
2-4 
VoLTS PER 
GRADE Mot 


DIELECTRIC STRENGTH NEMA TWIST AS RECEIVED 





ວ 


-24 100 KC 
1 MC 
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GENERAL DATA ON ROUND MAGNET WIRE 








BARE CONDUCTORS 








van чүнү Resistance, Heavy 
Area Area Nominal Weight Feet AL po ; Fi in 
Size Circular Square Diameter Pounds per per 1,000 Feet Pound Dia- 
AWG Mils Mils Inches 1,000 Feet Pound 20 € 20€ 
(68 F) (68 F) meters 
4/0 211,600 166,200 .4600 640.5 1.561 .04901 
3/0 167,800 131,800 .4096 507.8 1.969 ‚06182 
2/0 133,100 104,500 .3648 402.8 2.482 .07793 
1/0 105,600 82,910 .3249 319.5 3.130 .09825 
1 83,690 65,730 .2893 253.3 3.947 1239 
2 66,360 52,120 „2576 200.9 4.979 .1563 
3 52,620 41,330 .2294 159.3 6.278 .1971 
4 41,740 32,780 .2043 126.3 7.915 .2485 .2114 
5 33,090 25,990 .1819 100.2 9.984 .3135 .1886 
6 26,240 20,610 .1620 79.44 12.59 .3952 .1682 
T 20,820 16,350 .1443 63.03 15.87 .4981 .1501 
8 16,510 12,970 .1285 49.98 20.01 .6281 1342 
9 13,090 10,280 1144 39.61 25.24 7925 1198 
10 10,380 8,155 ‚1019 31.43 31.82 9988 „03178 .1071 
11 8,230 6,460 .0907 24.9 40,2 1.26 .0506 .0957 
12 6,530 5,130 .0808 19.8 50.6 1.59 .0804 .0855 
13 5,180 4,070 .0720 15.7 63.7 2.00 .127 .0765 
14 4,110 3,230 .0641 12.4 80.4 2.52 .203 .0684 
15 3,260 2,560 .0571 9,87 101 3.18 322 .0613 
16 2,580 2,030 .0508 7.81 128 4.02 .514 .0548 
17 2,050 1,610 .0453 6.21 161 5.05 .814 .0492 
18 1,620 1,280 .0403 4.92 203 6.39 1.30 .0440 
19 1,290 1,010 .0359 3.90 256 8.05 2.06 ‚0395 
20 1,020 804 .0320 3.10 323 10.1 3.27 .0353 
5 ic 21 812 638 .0285 2.46 407 12.8 5.19 .0317 
22 640 503 .0253 1.94 516 16.2 8.36 .0284 
23 511 401 .0226 1.55 647 20.3 13,1 .0255 
24 404 317 .0201 1.22 818 25.7 21.0 0229 
25 320 252 .0179 .970 1,030 32.4 33.4 .0206 
26 253 199 .0159 .765 1,310 41.0 53.6 .0185 
27 202 158 .0142 .610 1,640 51.4. 84.3 .0165 
28 159 125 .0126 .481 2,080 65.3 136 .0148 
29 128 100 .0113 .387 2,590 81.2 210 .0134 
30 100 78.5 .0100 .303 3,300 104 343 .0120 
31 79.2 62.2 .0089 «2340 4,170 131 546 „0108 
32 64.0 50.3 .0080 .194 5,160 162 836 .0098 
33 50.4 39.6 .0071 «153 6,560 206 1,350 .0088 
34 39.7 31.2 .0063 .120 8,320 261 2,180 .0078 
35 31.4 24.6 .0056 .0949 10,500 331 3,480 .0070 
36 25.0 19.6 .0050 ‚0757 13,200 415 5,480 .0063 
37 20.2 15.9 .0045 .0613 16,300 512 8,360 .0057 
38 16.0 12.6 .0040 .0484 20,600 648 13,400 .0051 
39 12.2 9.62 .0035 .0371 27,000 847 22,800 .0045 
40 9.61 7.55 .0031 .0291 34,400 1,080 37,100 .0040 
41 7.84 6.16 .0028 .0237 42,100 1,320 55,700 .0036 
42 6.25 4.91 .0025 .0189 52,900 1,660 87,700 .0032 
43 4.84 3.80 .0022 .0147 68,300 2,140 146,000 .0029 
44 4.00 3.14 .0020 .0121 82,600 2,590 214,000 .0027 





The above data are approximate and subject to normal manufacturing 
tolerances. 


Note J. Conductor resistances quoted are based upon 100% (TACS) con- 
ductivity metal at 20 C (68 F) in accordance with ASTM Specifications 
B3 and B258, and represent average values for commercial wire. 


unb 


Note 2. To obtain resistance at any operating temperature: 


R, 
Rc 
t 


ll 


Rec [1 + 0.003893 (t — 20)], where 


conductor resistances quoted in the table, and 


operating temperature (deg. C) 


ABOUT WIRE HANDLING . o o ο ο ο 


IN WINDING, WIRE SIZES 17 THROUGH 39 REPRESENT AN ALLOWABLE WINDING 
TENSION OF 20 TO 1. IN HAND WINDING, THIS REQUIRES A HIGHLY DEVELOPED 
SENSE OF FEEL ceocoee 


Too LITTLE TENSION + e ο © © o MEANS LOOSE, SLOPPY COILS; 

Too MUCH TENSION ο o o ə e e . RESULTS IN CUPPED CORE TUBES, DAMAGED 
LAYER INSULATION, INCREASED CONDUCTOR 
RESISTANCE FROM STRETCHING, !NCREASED 
CONDUCTOR RESISTANCE (IN THE CASE OF 
COPPER) FROM WORK HARDENING, POOR CON- 
FORMANCE FROM WORK HARDENING CAUSING 
THE CONDUCTORS TO SPRING BACK AND, IN 
EXTREME CASES, BREAKAGE ОҒ ТНЕ МІНЕ» 


CONSIDERABLE KNOW-HOW IS REQUIRED TO SET UP SEMI=AUTOMATIC LAYER WIND= 
ERS == ESPECIALLY WHEN USING THE FINE WIRE SIZES. ONE OF THE BEST AJOS 15 
A TENSION METER WHICH CAN 3E USED ON ANY CONDUCTOR WHILE THE MACHINE IS OP- 
ERATING. THIS PERMITS DUPLICATING SET-UPS WHICH HAVE BEEN PROVED» THE 
SAXL TENSITRON iS A GOOD DEVICE FOR THIS PURPOSE» 


IT SHOULD BE NOTED THAT THE PERIPHERAL SPEED OF THE WINDING 1S CONSTANTLY 
INCREASING WITH THE BUILD OF THE COIL, ASSUMING THAT THE ARBOR SPEED IS CON- 
STANT. THE ARBOR SPEED (ESPECIALLY WITH RECTANGULAR COILS) HAS QUITE A LOT TO 
DO WITH THE CONFORMANCE OF THE WINDING == AND, THUS, ¡TS ACTUAL PROFILE? 


DEL 


CORES . « o + +s e MORE INFORMATION; TYPES AND SIZES USED IN TEKTRONIX 
INSTRUMENTS 


WOUND CORES 


NC" Type: OUR PREVIOUS DISCUSSIONS ON CORES HAVE BEEN LIMITED TO STAMPED 
LAMINATIONS, WITH PARTICULAR EMPHASIS ON THE "E=|' CONFIGURATION. 


"C" coRES ARE ALSO WIDELY USED, ESPECIALLY IN HOO CPS AIRCRAFT UNITS AND 
MILITARY EQUIPMENT», 


WESTINGHOUSE ELECTRIC CORPORATION INTRODUCED WOUND CORES == AS A PRACTI- 
CAL MEANS OF UTILIZING THE UNIQUE PROPERTIES OF ORIENTED SILICON STEEL == 
DURING THE 1930's. "C" CORES ARE NOW AVAILABLE FROM A NUMBER OF SOURCES, 
BOTH HERE AND ABROAD, 


WOUND CORES ARE MADE BY WINDING SLIT-TO-WIDTH STEEL STRIP ON A MANDREL TO 
Å GIVEN BUILD, THE CORE IS THEN IMPREGNATED WITH A PLASTIC CEMENT TO INSURE 
A THOROUGH BOND (POLYESTER RESIN 15 А SUITABLE ADHESIVE). THE CORE າຣ CUT IN= 
TO TWO PIECES AND THE CUT FACES ARE LAPPED TO INSURE (INTIMATE CONTACT BETWEEN 
THE HALVES WHEN THEY ARE REASSEMBLED, FOR MINIMUM AIR САР» THE CUT FACES ARE 
THEN ETCHED TO REMOVE SHORT CIRCUITING BURRS. 


TWO SINGLE=PHASE CORES MAY BE USED TO FORM A SHELL=TYPE TRANSFORMER. WHEN 
USED AS A CORE TYPE, THE WINDING MAY BE ALL ON ONE LEG, OR MÁY BE IN TWO IDEN- 
TICAL COILS == ONE ON EACH LEG. A PROPERLY DESIGNED DOUBLE=GOIL TYPE IS VERY 
EFFICIENT, | 


C! CORES ARE MANUFACTURED IN A WIDE RANGE OF SIZES. STANDARD STRIP THIGK= 
NESSES UP TO 0.012" ARE SUPPLIED, AND MAY BE OBTAINED LESS THAN. 0,001" THICK | 
IN SPECIAL DESIGNS, 


To SURMOUNT THE MOUNTING PROBLEMS INHERENT IN THIS TYPE CORE, THEY ARE GEN- 
ERALLY ENCASED ANO POTTED OR CAST IN RESIN, 


WINDING METHODS ARE CONVENTIONAL e 


"TOROIOAL" CORES: WOUND CORES ARE ALSO USED IN TOROIDAL, OR RING-TYPE CON- | 
FIGURATIONS. TOROIDAL CORES HAVE NO AIR GAP, SO REQUIRE A SPECIAL WINDING 
MACHINE (UNLESS WOUND BY HAND); TOROIDAL TRANSFORMERS ARE EXPENSIVE TO BUILD. 


THESE CORES ARE WOUND WITH NICKEL ALLOY MATERIALS == AS WELL AS SILICON 
STEELS == IN VARIOUS THICKNESSES. THEY'RE GENERALLY SUPPLIED IN CLOSELY СОМ- 
FORMING BOXES OR CASES OF PHENOLIC RESIN OR ALUMINUM FILLED WITH AN OIL OR 
SILICONE PASTE. THE OIL OR COMPOUND CUSHIONS THE CORE FROM WINDING STRESSES 
AND REDUCES THE MECHANICAL HUM, SOME ALUMINUM=CASED TYPES ARE COATED WITH 
EPOXY RESIN TO PROVIDE GROUND INSULATION. 


WE'VE ILLUSTRATED VARIOUS TYPES OF WOUND CORES, AS WELL AS OUR TOROID WIND- 
ING OPERATION, IN THE FOLLOWING PHOTOGRAPHS» 


Sa 


ABOUT WOUND CORE STRUCTURES 


type 


ring 


% 
Y 
6 
E 
a 
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sing 





TYPICAL TOROIDAL CORES 


MECHANICAL AND MAGNETIC PARAMETERS OF LAMINATIONS . 2 « ο ο ο 


INDIVIDUAL LAMINATION SPECIFICATION SHEETS 


LIST BOTH THE WINDOW 
SECTION AREA (A) FOR 
OF LAMINATIONS. USE 
TIMATE STACK HEIGHTS 
TYPES OF LAMINATIONS 


CATION. 
W oeoso IS PROPORTIONAL TO; 


AMPERE=TURN CAPACITY OF THE 
WINDING WHICH CAN BE ACCOMMO- 
DATED ON A PARTICULAR CORE. 


THEREFORE: WX A IS PROPORTIONAL TO (AMPERE TURNS) 


Wx A IS USEFUL TO THE DESIGN ENGINEER 


AREA (W) AND THE CROSS 
A SQUARE CROSS SECTION 
THIS INFORMATION TO ES= 
OF VARIOUS SIZES AND 
FOR A PARTICULAR APPLI- 


Ass»... IS PROPORTIONAL TO: 


VOLTS-PER-TURN RATING OF THE 
CORE, SINCE }Т DETERMINES THE 
TOTAL FLUX CAPACITY OF THE 
CORE AT A SPECIFIC FLUX DEN- 
SITY. 


(voL Ts) 
(TURNS ) 
IN SELECTING THE CLOSEST AVAIL= 


OR VOLT AMPERES. 


ABLE STANDARD SIZE LAMINATION FOR A SPECIFIC APPLICATION, 


MAGNETIZATION CURVES FOR VARIOUS SOFT 


MAGNETIC MATERIALS ARE AVAILABLE 


FROM THE STEEL PRODUCER, OR SPECIFIC DATA WILL BE SENT BY THE SUPPLIERS UPON 


REQUEST. 


TOLERANCES FOR E-1 LAMINAT IONS 


WIDTH dokte was 
LENGTH. 2. ras 
WINDOWS 5662... 


MIDDLE LEG oss 


* 0.008 inches * 


0.005 a 
0.003 M 


I+ 1+ 


I + 


* USUALLY MUCH LESS IN PRACTICE 


220. 


THESE ARE SOME LAMINATION AND MOUNTING DATA USED BY TEKTRONIX e e o. o © ο 













"Spectat 1 3/8L" M pela 

MATERIAL = 29 ἘΣ — > A = DIE CAST 
miner 1 ο... 
ORIENTED 

Ape. V/A RaTING = σι 
200 - 750 


H = NoRMAL STACK 
9.4, ວເ. 2.4, 
2.9" (hk уж 

(1000VA) m 


WE | 19" 

386-023 

MATERIAL = 29 Ga. 
Grape M6 
ORIENTED 

Αρρ, Ν/Α RATING = 
1.2 KVA 

H = NoRMAL STACK 
275" 


Rep 6 — lie 
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THESE ARE SOME LAMINATION AND MOUNTING DATA USED BY TEKTRONIX e. e e «w + + 


"E | 138" 

MATERIAL 29 Ga. 
GrADE M6 (ORI= 
ENTED) 386-021 

MATERIAL 26 GA. 
GRADE M15 (Οπι- 
ENTED) 586-009 

APP. V/A RATING = 
50 = 200 

H = NORMAL STACK 
NC cq 1.2", 
2" , 2,25" 

















B DIE CAST 


C OPEN TYPE 


"E | 150" 334 
MATERIAL - 29 Gao ຈ ຫຼື 
GRADE M6 ORIENTED — 94 = 2h — 24 
Apre V/A RATING = = 
150 - 300 = A 
H = NORMAL STACK 
1.025", 1.5", 2", 
2.5" 


5% 


Ig 8 


A DIE CAST B DIE CAST C OPEN TYPE D STAMPED COVER 








THESE ARE SOME LAMINATION AND MOUNTING DATA USED BY TEKTRONIX aaa o 


"El 25" 3⁄4 
386-022 ; de 
MATERIAL - 29 Ga. ສສີ ຍງ. 

GRADE (ORIENTED) 
App. V/A RATING = 







Up To 1 
H= NORMAL STACK TT 4 
VAL yon GA 


—— 


"E | 50" | Ye 
386-013 146 
MATERIAL - 29 Gao Ja + ” Ve Á 


GRADE, TRANS.'"C" 
APP. V/A RATING = 
Ор То 8 
H = NoRMAL STACK 


yon 3/14 qu νο 
E 


اا 


386-008 T Open Core 
MATERIAL - 29 G “Бы -- P^ She | 


ως, 









APP. V/A RATING 
5-18 
H = NORMAL STACK — 


yon 3/4" 4! | 


U BRACKETS AVAILABLE 
For 1" STACK 


THESE ARE SOME LAMINATION AND MOUNTING DATA USED BY TEKTRONIX . . . . . . 


"E | 100" 

386-005 

MATERIAL = 29 Ga. 
‘Grave M6 
ORIENTED 

APP. V/A RATING = 
30-60 . > 

H = NORMAL STACK 
1 {1 19%" aw 


"UE | 11" 

386-014 

MATERIAL < 29 Gao 
Grave M6 
ORIENTED 

App. V/A RATING = 


30 
NormAL STACK = 7/8" 








2 /2 е В 
7 — 5 32 DIE CAST 
Em 
X Ж 
E 
ST 
it 
> 





2/2 


depot) ale ep liy 


—— Y 





a 





ແ 
UAtH 









2% 


7/ be He-Ne 


8 
25% 
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ABOUT THE INSULATION MATERIALS WHICH TEKTRONIX USES . . « ο ο ο 


WE USE A NON-REINFORCED POLYESTER WEB ALMOST EXCLUSIVELY FOR INSU- 
LATING OUR CRT FILAMENT WINDINGS. THIS 1S A NON=IMPREGNATED WEB OR FELT 
NON-WOVEN FABRIC. BEFORE ITS INTRODUCTION ON THE MARKET, WE TESTED SAMPLES 
AND LEARNED THAT IT ABSORBS VERY LITTLE MOISTURE, BUT HAS AN AFFINITY FOR 
VARNISH RESINS. IT MAKES A GOOD PAD AROUND SECTIONS OF A WINDING. ITS 
CLOSE CONFORMITY AND VARNISH PICK-UP PROPERTIES REDUCE SPACE REQUIREMENTS 
AND ΙΜΡΑΗΤ CORONA RESISTANCE; IT HAS GOOD ELECTRICAL STRENGTHo 


AFTER IMPREGNATION WITH OUR VARNISH, IT SHOWS MUCH HIGHER INSULATION 
RESISTANCE AT 90 TO 100 DEGREES CENTIGRADE THAN STANDARD VARNISHED MATER= 


| ມຣ. 
IT'S ALSO AN EXCELLENT MATERIAL FOR LAP TAPING HIGH=VOLTAGE COILS 
AND Pi's. 
IT FOLLOWS THE CONTOUR OF COILS MUCH BETTER THAN EVEN BJAS=CUT WOVEN 


FABRICS. ITS WEAK POINTS ARE LOW TENSILE STRENGTH AND LACK OF TOUGHNESS 
TO RESIST MECHANICAL PUNCTURE. 


THIS SAME MATERIAL, VARNISH IMPREGNATED AND COATED, IS ON THE MARKET 
UNDER THE |RVINGTON TRADE=NAME "FIBREMAT". We've LISTED ITS PROPERTIES ОМ 


Paces 35 to 38. 


WE'VE LISTED TYPICAL SPECIFICATIONS FOR THE VARIOUS PAPERS WE USE ON 
Paces 39 ano 40. 
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TYPICAL TEST DATA 


.010 Black 
Fibremat 
Tensile Strength — P.I.W. 
Warp 20 
Filler 7 
Dielectric Strength — V.P.M. 
1/4”’ Electrodes 
AS IS 1650 
at 80°C 1250 
at 105°C 1100 
24/25/96 1350 
AFTER OIL 1500 
6% under tension 1200 
Dielectric Constant 2.8-3.2 
Electrolytic Corrosion Factor 1.0 
Water Absorption — % 
(24 hour immersion) 0.5 
Power Factor at 1009 C in 9; 
Conditioned for 
3 hrs. @ 105°C in vacuum 2.5 
24 hrs. @ 25°C @ 65% В.Н. 4.5 
24 hrs. @ 25°C @ 96% R.H. 6.0 


.010 Yellow 
Fibremat 


20 
7 


1550 
1100 
1050 
1350 
1450 
1200 


2.8-3.2 


1.0 


0.8 


3.5 
6.5 
12.0 


GENERAL RESISTANCE TO: 


Water Excellent 
Salt Water Excellent 
Acids Excellent 

Excellent 


Alkalies 


All statements, technical information, and r 
lieu of all warranties, express or implied: 

Seller’s and manufacturer’s only obligations shall be to replace 
arising out of the use of or the inability to use the product. Before using, u 


recommendation not contained herein shall have any force or effect unless 
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* TRADE MARK 


ommendations contained herein are based on tests we believe to be 


sabre A of the product proved to be defective. Neithe 
shall determine the suitability of the Me duct dur his intended use, 


in an agreement signed by officers 


eliable, but the 


Alcohols 
Hydrocarbons, Aliphatic 


eller nor manufacture 


accuracy orc 


of seller and manufacturer 


ibremat - 


.007 Black 
Fibremat 


15 
5 


1500 
1150 
1050 
1400 
1550 
1200 


2.8-3.2 


RO 


0.3 


2.0 


dad 


ess thereof is not guaranteed, and the following is 


shall be liable for any logs age ec 
ser assume suid sate and Ti ability hate оеуе іп с ectio 


007 Yellow 
Fibremat 


15 
5 


1525 
1150 
1050 
1500 
1450 
1200 


2.8-3.2 


0.5 


3. 
7.5 
1355 


Good 
Good 


Excellent 


r dam 


DIELECTRIC CONSTANT 


Dielectric Constant — The comparable dielectric constant of Fibremat and Varnished Cambric 
allows its direct substitution in high voltage systems without stress problems, This characteristic 
permits its application without splice re-design or worker re-education. 


FIG. 4 
Fibremat Bias Cambric 
Dielectric Constant 28232 3.0—3.2 





- CONFORMABILITY - 


One of the most important properties of the new material is its extreme conformability 
in comparison with other forms of coated insulation. Fibremat can be pulled down tightly while 
wrapping knuckles, curved or irregular surfaces to make a neater appearing unit and eliminate air 


pockets or voids, 


Hands of workman wrapping third layer 
of Fibremat displaying how easily it 
conforms to irregular surfaces. To the 
right is a coil with a single layer of 
varnished cambric which already shows 
the effects of lack of conformability. 





FIBREMAT’S exceptional conformability 


allows for smooth void-free knuckle 





taping. 


RVINGTON vision ry IRVINGTON 


MINNESOTA MINING AND MANUFACTURING COMPANY S NEW JERSEY 
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Fibremat 


ELECTRICAL IMPROVEMENTS 


DIELECTRIC STRENGTH — 1650 VPM — The electrical properties of the polyester web base are 
such that they materially contribute to the over-all high dielectric strength of Fibremat. This con- 
tribution is possible since the web was specifically formulated from polyester resins, in them- 
selves an excelient insulating material. The net result is an increase of at least 300 volts per mil 


over conventional materials. 


DIELECTRIC STRENGTH UNDER ELONGATION -= Ås seen in Fig. 1, the structure of Fibremat 
permits extensive elongation without film rupture and resultant loss in dielectric. Its ease of con- 
formability and high dielectric strength allows for higher insulating characteristics in insulation 
systems requiring varying degrees of elongation, 


POWER FACTOR 


Power Factor — Low power factor in a high voltage system makes Fibremat’s advantages outstand- 
ing. This characteristic also has great meaning to all electrical manufacturers as the continuity of 
the low power factor of Fibremat under adverse conditions proves its insulation stability, This is 


illustrated by the comparison below, 


FIG. 3 
Fibremat Bias Cambric 
Power Factor at 100°C – % 
Conditioned at 
3 hrs. @ 105°C in Vacuum 2.5% 4.0% 
24 hrs. @ 25°C @ 65% R.H. 4.5% 9.0% 
24 hrs. @ 25°C @96% R.H. 6.0% 30.0% 


MOISTURE ABSORPTION 


Continuous wick-like threads encountered in insulations such as varnished cambrics en- 
courage high moisture absorption. This problem is virtually eliminated with Fibremat whose base 
is made up of a moisture-proof maze of discontinuous polyester fibers. 


Fibremat Bias Cambric 


Water absorption in % 0.5% 7.0% 





COTTON 







POLYESTER 


* TRADE MARK -1?- 





ly 


IN COATED 


is 


The unique properties of the non-woven polyester web base, specifically designed for 


ut 
ມ ມ 


this insulation, combined with a specially formulated coating resin allows Fibremat to overcome 
the inherent disadvantages of woven-base insulating materials, both mechanically and electrically. 


Woven base materials under elongation, due to continuous fiber construction, actually 
cut through and rupture the insulating coating. The change in structural pattern from squares in 
Fig. 1A to diamonds in Fig. 1B illustrates the cutting action of the woven threads. In contrast, 
when the polyester web is under elongation, it maintains its poSition relative to the insulating 
film, eliminating the disruptive forces found in the woven base materials as shown in Fig. 1C and 


Fig. 1D. 


WOVEN CLOTH WOVEN CLOTH FIBREMAT FIBREMAT 
NO TENSION WITH TENSION NO TENSION WITH TENSION 
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FIG. 1-A 


The problem of high moisture absorption in conventional woven-base insulation because 
of wicking action is effectively solved by the polyester web base. The Fibremat base is virtually 
a moisture-proof maze of discontinuous polyester fibers rather than continuous wick-like threads 
that encourage high moisture absorption. 
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THESE ARE STANDARD SPECIFICATIONS FOR VARIOUS TYPES OF PAPERS ; « « « e 
FISH PAPER 


Based on N.E.M.A. STANDARDS & A.S.T.M. SPECIFICATION D-710 


; Dielec- Water I B . 
Nominal | Density, tric | Absorption, Tensile Strength, ursting Tearing Strength, 


Thickness: Min. Grams | strength, | Max. Per Cent Min. P.S.I. Strength, Min., Grams 


Min., 
Inches Mine Vs is eke в : : Er I 
š i 2 Hrs. | 24 Hrs.| Crosswise |Lengthwise ຈ Crosswise |Lengthwise 


.004 : а 6000 8000 











.005 ; : 6000 8000 





8000 











8000 





8000 











8000 











8000 








.020 4 ; 6000 8000 











over .020 to Lg 1.15 6000 8000 





lé to .040 incl. 1.15 65 6000 £000 











over .040 to 3 incl.| 1.15 65 | 6000 | 8000 








over 3%, to lg incl. | 1.20 65 | 6000 | 8000 





NOTE: Thickness tolerances are the same as for standard grades of Vulcanized Fibre. 


FISH PAPER 15 FURNISHEDS 


IN SHEETS 46" το 52" wiDE X 84" Lone. 
IN RoLLs 46" ro 52" wide. 

IN STRIPS CUT TO WIDTH AS ORDERED. 

in coits 1/8" ro 46" as ORDERED. 

CoLor: BLUISH GRAY ONLY. 

THICKNESSES: 0.004" To 1/8" INCLUSIVE? 


230 


MORE SPECIFICATIONS FOR PAPERS à è o o o èo 

PROPERTIES OF A TYPICAL 100 PER CENT RAG PAPER 
THEEKNESS, 18 INOHMES: ¿ira «ουν 2070, SOTI «Ого 

«Des 050. 

COLOR AA ada. LIGHT OLIVE DRAB 
SpPEGIFIG GRAVITY w: GMÉS/ OO leve aaa pan aa da an a. “Da DO 1,40 
FINISH 00000000009 ຍ ຄ 0 0 0 0 0 0 ຍ ຍ 9 9 0 0 ຄອ 0 ເ 90 9 ຄ 0 0 ເ? ຄ 9 0 0 0 GLAZED, HIGH DENSITY 
TENSILE MD — H/SQ. РМ» ө өе © ө ө © ө о о ө ө ө ө о ө оэ ө о ө ө ө 12,000 = 16,000 
TENSILE CMD 272 H/SQ. IN. 940999 99 99 9999 9 ວ 9922 5,500 = 6,500 


ELONGATION MD == PER CENT жоса егне шеа 7 -- 9 
ELONGATEON CMD == PER CENT das ee Ex ires 11 -- 14 
DEELECTRES уйт «ООЛ! THICKNESS versand asipi 400 -- 600 
SHRINKAGE. MO == PER GENT v5 94 AW 2.5 =- «D 
ӨНЕЛМЕКСЕСОМӘЗЕсРЕНССЕКТУ и 8 -- „10 
MUEDEN X/.001'" THISKNESS. 40 4» 999» X κάν 27 

ELMENDORE TEAR MD Ες GS. 75007" εφ %%%%%%4% 50 -- 60 
ELMENDORF TEAR OMD -- ghs./.001" ESAS 85 95 
μμ πα. алы ы лы ο SD RE 6.5 == 70 
ASH PER CENT == LESS THAN «».«»...вв»%в4%4ееее» 1. 

METHANOL EXTRACTABLE PER CENT oooooorocoooo.o «17 -- OD 
NAPTHA EXTRACTABLE PER CENT cocos o chiado o ao «10 -- „18 
CHUORADES å PARTS PER MILLION aran 8 -- 12 
WATER ABS. == 15 MIN. == APPROX. PER CENT ovo 100 

WATER ABS. -- 2L HOURS -- APPROX. PER CENT oe 120 

APPROX. VET ss LSO Fres DOT THICK veces 76 

FiBRE -- 100 PER CENT RAG -- SELECTED CUTTINGS, NEW COTTON. No siz- 


ING OR CHEMICAL TREATMENT. 


MD = PARALLEL TO GRAIN = MACHINE DIRECTION 


CMD = ACROSS THE GRAIN = CROSS MACHINE DIRECTION 
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OUR GENERAL PURPOSE TUBING . o. o a ο ο 


NVARFLEX'" BB1 == WHICH IS MADE ESPECIALLY FOR US == IS A SYNTHETIC 
RESIN-IMPREGNATED GLASS SLEEVING COATED WITH A PERMAFIL. IT'S UNUSUALLY 
FLEXIBLE, TOUGH, ABRASION-RESISTANT AND EASY TO STRIP FROM LEAD ENDS. IT 
IS SUPERIOR FOR OUR USE TO ANY OTHER TESTED. ITS ELECTRICAL STRENGTH Εχ- 
CEEDS THE SPECIFICATIONS FOR GRADE BB1. 


MosT COMMERCIAL TUBING OF THIS GRADE IS A VINYL COATED GLASS WHICH IS 
FLEXIBLE, ELECTRICALLY STRONG, ABRASION=RESISTANT, ETC» THESE HAVE THE 
DRAWBACK FOR US OF BEING HARD TO STRIP, IN ADDITION TO THEIR INTENTIONAL 
PUSH=BACK QUALITIES. 


TUBING SPECIFICATIONS ARE LISTED ON THE FOLLOWING PAGE» 


alijs 


THESE ARE TUBING SPECIFICATIONS 








DIELECTRIC STRENGTH, VOLTS 







































C-48/25/50? C-96/25/96* Transformer Heat Burning Rate, 
NEMA Oil Immersion Endurance, Minimum 
Desig- Minimum Minimum Minimum Minimum Heat (48 Hours at 105?C, 15 Minutes at Seconds to 
nations? Average | Individual | Average | Individual Aging? —O°C +5°C) 22576 776 Burn 1 Inch 
A-A-1 7000 5000 2100 1500 No failure | No disintegra- | Shall not soften, 
tion or swelling | blister or flow 45 
A-B-1 4000 2500 1200 730 No failure | No disintegra- | Shall not soften, 
tion or swelling | blister or flow 45 
A-C-1 2500 E A O IA No disintegra- | Shall not soften, 
tion or swelling | blister or flow 45 
A-C-2 1500 ο μις. φώς, ARES Shall not soften, 
blister or flow 45 
A-C-3 ҮШІ. б.а Қаза DEE SETE EE EE EE Å 
B-A-1 7000 5000 2800 200 No failure | No disintegra- | Shall not soften, 
tion or swelling blister or flow 45 
B-B-1 4000 2500 2000 1250 No failure | No disintegra- | Shall not soften, 
tion or swelling blister or flow 45 
B-C-1 2500 TOONI sag O A TEN! No disintegra- | Shall not soften, 
tion or swelling blister or flow 45 
B-C-2 1500 800- 1752272 17 ax dp ess MM E PM Cad icio ua Shall not soften, 






blister or flow 
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lThese are standard NEMA specifications. For details on test procedures ‘and other information refer to NEMA Publication No. VSI-1950. 
“Standards for Varnish Tubing and Saturated Sleeving.” ЖҮН? 

2First letter designates class. Second letter and number designate grade. 6 

3After 48 hours at 25°C plus or minus 1°C and at a relative humidity of 50% plus or minus 2%. 

4After 96 hours at 25°C plus or minus 1°C and at a relative humidity of 96% plus or minus 2%. 

5Classes A and B, 96 hours at 105°C, minus 0°C plus 5°C. Class H, 96 hours at 200°C plus or minus 5°C. 


*If failure occurs after 96 hours at 200°C + 5°C, the test shall be continued for an additional 96 hours. (Failure after the initial 96 hours 
may be due to temporary embrittlement which does not constitute failure if flexibility is recovered after an additional 96-hour period.) 


TABLE Il AVAILABLE COLORS 
! TYPE AND GRADE 


Glass Base, | Glass Base, | Glass Base, | Glass Base, | 























Cotton or Rayon Base, Glass Base, Isocyanate Vinyl Silicone Silicone 
Oleoresinous Varnish Oleoresinous Varnish Varnish Coating Varnish Rubber 
COLORS Pp eo EET DR ο 
C-1, C-2 A—Grade | A—Grade A-1, B-1 
Heavy B—Grade | B—Grade C-1, C-2 A-1, B-1 
A-1, B-1 Wall C-3 A-1, B-1 C-1, C-2 C-3 C—Grade C—Grade C-3 C-1, C-2 
Yellow St. St. St. SK St. St. St. St. u Sp. 
Black St. St. St. 51. St, St. St; Sp. 
Red Sp. Sp. Sp. Sp. Sp. SP. Sp. Sp 
Green Sp. Sp. Sp. Sp. Sp. Sp. Sp. Sp. 
Brown Sp. Sp. Sp: Sp. Sp. Sp. Sp. Sp. 
Blue Sp. Sp. Sp. Sp. Sp. Sp 
Orange Sp. Sp. 
White Sp. St 
Gray Sp. 
Tan Sp. 
Natural Cream St. 





St.—Standard colors usually carried in stock. 
Sp.—Special made-to-order colors not generally carried in stock. 
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ABOUT ELECTRICAL TAPE o o o o ο ο 


THE 
NEED FOR 


Ae 
Bo 
Co 


Do 


GENERAL INFORMATION SECTION OF THIS MANUAL HAS DISCUSSED THE 
ELECTRICAL TAPES WHICH WILL: 


RESIST ABRASIONe 
PROVIDE A MOISTURE BARRIER. 
PROVIDE LEAD IDENTIFICATION (BY USE OF COLORED TAPE). 


OCCUPY A GIVEN AMOUNT OF SPACE. 


We've STATED THAT SOME OF THE FACTORS INVOLVED IN SELECTING ELECTRICAL 
TAPES FOR SPECIFIC APPLICATIONS ARES 


Ao 


Co 


Fo 


Go 


CLASS OF INSULATION. 
TEAR STRENGTH, 

TAPE CORROSIVENESSo 
TEMPERATURES INVOLVEDo 
DIELECTRIC STRENGTHe 
SURFACE TEXTURE, 


CosTSe 


TEKTRONIX USES "PERMACEL" BRAND ELECTRICAL TAPES. TECHNICAL DATA FOR 
THIS MATERIAL 15 SUMMARIZED ON THE FOLLOWING PAGES 


ais. 


PeRMACEL" PAPER - FILM - CLOTH - LAMINATED 
ELECTRICAL TAPES 


Embodying pressure-sensitive and thermosetting characteristics. 
All tests done in accordance with ASTM D-1000-58T. 
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22 | 30 lb. Crepe Paper (Black) 


23 | 4 mil Rope Flatback Paper 
[Black] 105C 50,000 | 2,500 












| 
a 
(Tan) 105C A 50 3 6.5 20 50,000 3,000 02 
lee tel stella. 
[Tani DUM E NER MEE 20 | 50000 | 3000 | 02 
28 [ 30 lb. Crepe Paper (Tan) | 86 | 105С | А |40 | 20 | 12 | 95 | 25 | 40000 | 3000 | 02 | 
FILM 
2 mil Acetate Film (Clear) 86 | 105C | A | 50] 25 | to | 35 [ 300000 4 | 6000 | 015 
2 mil Acetate Film (Yellow) | 86 [| 105C | A [40] 25 | 10 | 35 | 300000 | 4 | 6000 | .05 | 
252 | mil "M HUS 
renge Yolon) |æ fisc] afol z wo | 25 |200000 | os | sso |.s. 
| mil "Mylar" (Clear) | 86 | I05C | A |50) 20 |100 | 25 | 2,000,000 
бо о o Telas 
[Orange-Yellow) 105€ A 45 50 3.5 2,000,000 0.5 8,000 
255 | 2 mil "Mylar" (Clear) [ 86 | I05C | A [45 | 50 |too | 3.5 | 2000000 | 05 | 8000 | 015 
| mil "Mylar" (Yellow) | 86 | osc | A | 50] 20 |100 | 25 | 2000000 | 05 | 5500 [ — | 
CLOTH 
| 20 | 80x80 Cotton Cloth | 86 | 105C | so | 7 [lo | too | 10000 | 3.000 
es Te ເ... 
(White or Black) 105 50 7 10,000 000 02 
10. 
o | 1000 | 


202 
2 | 60 x 52 Glass Cloth 


White Taffeta Acetate Cloth 


Colored Taffeta Acetate Cloth 


241 0.88 mil Acetate Film on 
Acetate Cloth 

245 | 0.88 mil Acetate Film on 
3 mil Rope Paper 


Filament Reinforced Acetate 
Film 


CLASS 180C 


211 | Silicone Varnished Glass 
Cloth 


212 | 60x 52 Glass Cloth 


"Teflon"** 


422 | "Teflon" 
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180C | C | 25 | 150 | 6 | 73 | 2000 500 = 
180C 500000 ^ — 2 [12000 | — | 
Lic | 6 2s | 19 [too | 35 [200000 | os [ 850 | — 
*DuPont's Trademark for its Polyester Film 


**DuPont's Trademark for its TFE-Fluorocarbon Resin 


REFERENCE NOTES 


(1) Minimum Curing Cycles (3) Values obtained at 96% relative humidity. 
A — Two hours at 275? F. or one hour at 300° F. 
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(4) This test is a measure of electrolytic corrosion and replaces 


ee thermosetting. I the electrolytic corrosion factor test (ASTM D-1000-48T) 
С — No curing cycle required. which poorly distinguished between corrosive and non-cor- 
(2) Stripping Speed: 12 inches per minute. rosive tapes. 


Technical Data figures should not be used in specification writing. Current minimum and 
maximum values may be obtained upon request. 
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ABOUT IMPREGNATING MATERIAL . e « « ο ο 


THE VARNISHES USED IN IMPREGNATING TRANSFORMER PARTS ARE CERTAINLY 
ONE OF THE MOST CRITICAL ASPECTS OF MANUFACTURE. AFTER USING AN OlIL-MODiI- 
FIED PHENOLIC-ALKYD VARNISH COMPOUND FOR MANY YEARS; wE'RE NOW CHANGING 
OVER TO A RESIN=MODIFIED TYPE VARNISH. THIS MATERIAL HAS THE FOLLOWING 
CHARACTERISTICS. 


Ae CLEAR. 


Be SPECIFIC Gravity AT 70°F „ „ „ 21.5 To 25.5 DEGREES VISCOSITY #1 
DEMMLER CUP AT 86ºF., 18 - 28 seconos (THIS IS ABOUT 60 GENTI= 
POISES). 


Ce FILM BUILD=UP e ο o 2 TO 3 THOUSANDTHS. 
De THINNER , + + MINERAL SPIRITS OR BETTER. 


Notes: ViscosiTY OF OUR VARNISH iS CHECKED AND ADJUSTED DAILY. No REGU= 
LAR CHECK iS MADE ON GRAVITY. TEMPERATURE VARIATIONS AFFECT VISCOSITY 
MARKEDLY. CURING TIME VARIES FROM THREE HOURS ON SMALL UNITS TO EIGHT 
HOURS ON LARGE UNITS -- AT 280%F, 


SOME OF THE PRECAUTIONS TO BE USED IN HANDLING THIS MATERIAL ARES 
Ae Avolo EXCESSIVE TEMPERATURES. 

Bo MAINTAIN CLEANLINESS. 

Co USE EXTREME CARE TO PREVENT CONTAMINATION.’ 


Do USE PROPER THINNERe ADD THINNER SLOWLY WHILE AGITATING VARNISHe 
VARNISH AND SOLVENT SHOULD BE AT THE SAME TEMPERATURE. 


SOME OF THE ELECTRICAL PROPERTIES OF RESIN-MODIFIED VARNISHES ARE? 
А. ELECTRIC STRENGTH DRY e ο ο 8100 V./MiL. 
Be ELECTRIC STRENGTH WET +». o ο 2700 Υ./ΜΙΙ.. 


THE FOLLOWING PAGE LISTS CERTAIN SPECIFICATIONS FOR THERMOSETTING 
VARNISH. 


DESS 





SPECIFICATIONS FOR (THERMOSETTING) BAKING VARNISH,..... 


CLEAR BAKING VARNISH IS FORMULATED AS A CLASS F GENERAL PURPOSE 
IMPREGNANT AND COATING FOR ELECTRICAL AND ELECTRONIC APPLICATIONS, 
IT'S A PHENOLIC=BASE RESIN-MODIFIED VARNISH HAVING OUTSTANDING FLEX- 
IBILITY COUPLED WITH EXCELLENT ADHESION, CHEMICAL AND HEAT RESISTANCE, 
AND HIGH BOND STRENGTH. ALSO, ITS HIGH GLOSS, TACK-FREE SURFACE AND 
MAR RESISTANCE MAKE IT AN EXCELLENT COATING FOR A VARIETY OF PURPOSES. 
THIS VARNISH CURES TO A HARD, TOUGH, FLEXIBLE FILM WHICH WILL RETAIN 
THESE PROPERTIES AT OPERATING TEMPERATURES OF 155°C. 


(MILITARY REQUIREMENTS ARE SPECIFIED BY MIL-V. 1137A Grave СВ, ТҮРЕ М.) 


CHARACTERISTICS 


1. SPECIFICATIONS 

COLOR ARI ATRAE LEAR 

SPECIFIC GRAVITY AT 7O°F ASTM D-287-55 ,.,....... 21,5--23,5? 

VISCOSITY #1 DEMMLER CUP AT 869Ғ .............. 18-28 вес. 

Burto Ua; Dis To ASTM Йй-115-55. sisas era 29 MILS 

TEUNNER ео ав ica dra MUNERAL. SPERÍTS 
OR BETTER 

BAKING TIME AT 275°F ON A STRIP, 

ASTM. 0=115=55 ον κενο ος ο ΜΗΝ. 
CORROSIVE EFFECT ON COPPER >%4%%%%%4%%%9%%%%%%4%%. МОМЕ 


2, ELECTRICAL PROPERTIES 
DIECEECTALE STRENGTH δν ιν κακο ares 4100 VOLTE/MIL 
DIELECTRIC STRENGTH (AFTER 24 Hours 
WATER IMMERSION) o........ 2900 VOLTS/MIL 


3, CHEMICAL RESISTANCE 
WATER creo ος ο ο ο RARA as. EXCELLENT 
Acro. (10% SULFURIC ACID) ο. уе EXCELLENT 
ALKALI (1% SoDiUM HYDROXIDE) .................. ЕХСЕЕМТ 
SAET WATER seanu naaa EXCELLENT 
Ort ASTM. DI Ts spa as a e тық аза oves "PASSED 


bo CURING TIME IN A 20 GRAM TEST CUP 
SO Fact rcd ad nee ОШО MENSES 
ООЗЕ tear vidus HD MINE 

PREFERRED. ASSES ESS E BO MERE 


5. BAKING CYCLES 
FoR A 5 POUND UNIT, 2-4 Hours AT 275°F. 


APPLICATION 


RESIN@=MODIFIED VARNISH MAY BE USED IN ANY OF THE CONVENTIONAL 
TREATMENT SYSTEMS. ITS VERSATILE PHYSICAL PROPERTIES MAKE IT A su- 
PERIOR VARNISH SUITABLE FOR TRANSFORMERS, ARMATURES, STATORS, RAN= 
DOM WOUND AND FORM COILS. IN PREPARING FORM COILS, IT IS SUGGESTED 
THEY BE BAKED 30 MINUTES AT 275-285ºF UNIT TEMPERATURE. THEN SPREAD 
COIL, INSULATE AND REIMPREGNATE WITH VARNISH. BAKE For 1 HOURS AT 
275-285°F UNIT TEMPERATURE} 


She 


MORE ABOUT VARNISH IMPREGNATION . « e . +... 


THE FOLLOWING INFORMATION IS BY COURTESY OF THE JOHN C. DoLPH Come 
PANY? 


PREHEAT I NG 


"As A GENERAL PRACTICE, IT 1S SUGGESTED THAT ELECTRICAL UNITS REQUIR= 
ING VARNISH INSULATION BE PREHEATED. ALL COTTON, SILK AND PAPER COVERINGS 
AND MANY INORGANIC MATERIALS ABSORB AND RETAIN A CERTAIN AMOUNT OF MOIS= 
TURE WHICH, IF ALLOWED TO REMAIN, COULD EVENTUALLY CAUSE ELECTRICAL BREAK= 
DOWN. THE REMOVAL OF MOISTURE FROM INSULATING MATERIALS AND SURFACES OF 
UNITS BY PREHEATING WILL DEFINITELY RESULT IN HIGHER INSULATION RESISTANCE, 


"PREHEATING ALSO AIDS PENETRATION OF VARNISH INTO TIGHTLY WOUND COILS 
BY LOWERING THE VISCOSITY OF THE VARNISH ADJACENT TO THE UNIT AND BY A 
"SUCTION EFFECT'. THE AIR REMAINING INSIDE THE HEATED UNITS HAS EXPANDED 
CONSIDERABLY AND, WHEN THE WINDINGS ARE [MMERSEO IN THE VARNISH, THE AIR 
COOLS AND CONTRACTS, THUS DRAWING ADDITIONAL VARNISH INTO THE INTERIOR OF 
THE COIL» UPON REMOVAL FROM THE VARNISH, THE PREHEATED UNITS ARE USUALLY 
AT A HIGHER TEMPERATURE THAN THE SURROUNDING ATMOSPHERE. THEREFORE, EVAP= 
ORATION OF THE SOLVENT JS ACCELERATED. WEIGHING COILS THAT CONTAIN CONSID- 
ERABLE TEXTILE INSULATION BEFORE AND DURING THE PREHEATING CYCLE WILL RE- 
VEAL THE EXTENT OF THE MOISTURE DRIVEN OFF AND WILL BE CONCLUSIVE PROOF OF 
THE IMPORTANCE OF PREHEATING. 


"THE PREHEATING TEMPERATURE NEED NOT BE IN EXCESS OF 200%F, BUT IS OF- 
TEN HIGHER TO SPEED THE RATE AT WHICH THE MOISTURE IS DRIVEN OFF, IT 15 
SUGGESTED THAT THE PREHEATING TEMPERATURES BE BASED ON THE TYPE OF INSULA- 
TING MATERIALS EMPLOYED. UNITS HAVING CLASS A INSULATION SHOULD BE PRE- 
HEATED AT A TEMPERATURE OF 220°F = 250°F, AND THOSE HAVING CLASS B INSULA= 
TION AT 220°F - 2005Γ. 


"THE TIME REQUIRED FOR PREHEAT WILL USUALLY VARY FROM ONE TO SIX HOURS 
AND WILL DEPEND LARGELY ON THE CONSTRUCTION AND SIZE OF THE UNIT. IT SHOULD 
BE NOTED THAT PREHEATING WILL NOT REMOVE ALL TRACES OF MOISTURE, ALTHOUGH 
DRYING THE AIR IN THE OVEN WITH A DRYING AGENT SUCH AS AGTIVATED ALUMINA 
OR CALCIUM CHLORIDE WILL REMOVE ALL BUT A VERY SLIGHT TRACE OF ІТ, 


"NIT IS SUGGESTED THAT PREHEATING BE ACCOMPLISHED BY USING A SEPARATE 
BAKING OVEN FOR THIS PURPOSE. A TEMPERATURE OF 220°F iS ORDINARILY NOT 
PRACTICAL FOR A BAKING TEMPERATURE» FOR THIS REASON IT MIGHT BE ADVANTAG= 
EOUS TO HAVE AN OVEN WHICH IS USED SOLELY FOR PREHEATING, OF COURSE, IF 
A RELIABLE TEMPERATURE CONTROL IS INCORPORATED IN THE BAKING OVEN, IT WILL 
NOT BE NECESSARY TO CONSIDER THE USE OF SEPARATE OVENS. OCCASIONALLY, 
MANUFACTURERS PREHEAT THEIR UNITS IN THE VACUUM TANK.» THIS IS, OF COURSE, 
POSSIBLE ONLY WHERE HEATING FACILITIES ARE A PART OF THE VACUUM IMPREGNATING 
TANK. THERE IS ONE OBJECTIONABLE FEATURE IN REGARD TO THE USE OF THE VACUUM 
TANK FOR PREHEATING AND THIS !S DUE LARGELY TO THE HEAT STORAGE IN THE VACUUM 
TANK WALLS. THIS STORED HEAT MAY BE SUFFICIENT TO CHANGE THE CHARACTERISTICS 
OF MODERN HEAT-REACT!VE VARNISHES AFTER A NUMBER OF TREATMENTS IN THE VARNISH. 
THE OXIDIZING VARNISHES ARE NOT AFFECTED AS MUCH. AT ANY RATE, IT IS OUR 
SUGGESTION THAT PREHEATING SHOULD BE CONDUCTED IN A BAKING OVEN. 
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TO CONTINUE THE ARTICLE ON VARNISHES BY THE JOHN C. DOLPH COMPANY . . . o 


VACUUM IMPREGNAT ION 


NEVACUATIONS THE COILS SHOULD BE TRANSFERRED FROM THE PREHEATING 
OVEN TO THE VACUUM TANK AS QUICKLY AS POSSIBLE TO PREVENT ANY EXCESSIVE 
TEMPERATURE DROP. IT IS DESIRABLE TO HAVE THE VACUUM PUMP STARTED AS 
SOON AS POSSIBLE AFTER THE LID HAS BEEN TIGHTENED. MOST VACUUM CYCLES 
CALL FOR A SPECIFIC TIME AND DEGREE OF VACUUM, AND NATURALLY IT WILL TAKE 
A WHILE BEFORE THE SPECIFIED VACUUM IS OBTAINED. THIS TIME WILL DEPEND 
UPON THE PUMP SIZE IN RELATION TO THE VACUUM TANK VOLUME. SOME OF THESE 
UNITS IT WILL TAKE 15 MINUTES BEFORE A 20" Ha vacuuM IS REACHED. TIMING 
OF THE VACUUM CYCLE SHOULD NOT BEGIN UNTIL THE SPECIFIED VACUUM IS OB- 
TAINED. THE DEGREE OF VACUUM SHOULD BE AT LEAST 28" Hg OR HIGHER ΙΕ POSSI- 
BLE. THE RESIDUAL MOISTURE REMAINING IN THE COILS AFTER PREHEATING THEM 
WILL, HOWEVER, BE REMOVED VERY RAPIDLY WHEN THE COILS ARE PLACED ІМ А УАС- 
UUM GREATER THAN 28!! HG. THIS VACUUM CORRESPONDS APPROXIMATELY TO AN AB- 
SOLUTE PRESSURE LESS THAN 1.8" He. AT THIS DEGREE OF VACUUM THE BOILING 
POINT OF WATER tS 97°F, WHICH SHOULD TEND TO REMOVE PRACTICALLY ALL THE 
MOISTURE FROM THE UNIT. 28" SEEMS TO BE A COMMERCIAL VACUUM AND SHOULD 
NOT BE TOO DIFFICULT TO OBTAIN, 


"EvAPORATION OF RESIDUAL MOISTURE REMAINING IN THE COILS AS POINTED 
OUT ABOVE IS VERY RAPID UNDER VACUUM AND OFTEN IT HAS BEEN OBSERVED THAT 
THE SIGHT HOLES ARE FOGGED DUE TO A THIN FILM OF THIS MOISTURE CONDENSING 
ON THE COLD SURFACE OF THE VACUUM TANK. FOGGING WILL DISAPPEAR IF THE 
EVACUATION IS CONTINUED BUT IN SOME INSTANCES A 15 MINUTE PERIOD WILL BE 
REQUIRED. THE MINIMUM TIME OF EVAPORATION ON ANY TYPE OF COIL SHOULD BE 
15 MINUTES AND IT DOES NOT SEEM NECESSARY TO EVACUATE FOR A LONGER PERIOD 
THAN ONE HOUR, PROVIDED THAT THE COILS HAVE A TEMPERATURE OF AT LEAST 150ºF 
WHEN THEY ARE PUT IN THE VACUUM CHAMBER. IT MIGHT BE SAID THAT THE 15 
MINUTE PERIOD COULD BE EMPLOYED FOR LOW VOLTAGE COILS AND THE ONE HOUR 
PERIOD FOR HIGH VOLTAGE COILS. 


VARNISH IMPREGNATION 


"THE NEXT STEP IS TO DRAW THE VARNISH FROM THE LIQUOR TANK TO THE VAG- 
UUM CHAMBER.» INVARIABLY TWO SIGHT HOLES ARE PROVIDED ON THE VACUUM TANK 
COVER IN ORDER THAT THE OPERATOR MAY OBSERVE THE ENTRANCE OF THE VARNISH. 
ONE OF THESE SIGHT HOLES IS FOR ILLUMINATION OF THE CHAMBER AND THE OTHER 
IS FOR VISION. IN THE PROCESS OF DRAWING VARNISH INTO THE CHAMBER, IT IS 
IMPORTANT THAT THE DEGREE OF FOAMING SHOULD BE REDUCED TO A MINIMUM. 
FOAMING IS DUE TO THE RAPID EVAPORATION OF SOLVENT AND ALSO TO EXPANDING 
AIR WHICH 15 CARRIED OVER WITH THE VARNISH. WHENEVER THIS IS SEEN TO BE 
EXCESSIVE, A BRIEF OPENING OF THE ATMOSPHERIC VALVE WILL INCREASE THE PRESS- 
URE WITHIN THE CHAMBER TO THE EXTENT THAT MOST OF THE FOAM WILL COLLAPSE. 
AT ANY RATE, IT IS DESIRABLE TO MAINTAIN A MAXIMUM VACUUM DURING THE EN- 
TRANCE OF THE VARNISH IN ORDER TO GAIN FULL ADVANTAGE OF THIS CYCLE.  SPECI- 
FICATIONS SHOULD INDICATE THE MINIMUM VACUUM THAT IS PERMISSIBLE DURING 
THIS PROCEDURE. VARNISH SHOULD CONTINUE TO ENTER THE CHAMBER UNTIL ALL 
UNITS ARE COVERED WITH VARNISH, NOT FOAM. THE TIME NECESSARY FOR THIS ОР- 
ERATION WILL VARY FROM FIVE TO 15 MINUTES, DEPENDING LARGELY ON THE TANK 
DIMENSIONS. UNDER NO CIRCUMSTANCES SHOULD THE VARNISH COME CLOSER THAN 4" 
TO THE VACUUM PUMP LINE CONNECTION. A TRAP INSTALLED IN THE PIPE LINE BE- 


THE JOHN C. DOLPH COMPANY ARTICLE CONTINUED ..... » 


TWEEN THE VACUUM TANK AND THE CONDENSER VERY OFTEN PREVENTS INSULATING VAR= 
NISH FROM ENTERING THE CONDENSER AND PUMP., THIS TRAP ACTS AS A CATCH-ALL 
FOR SOLID MATERIALS. 


SOAK | NG 


"BREAK THE VACUUM BY OPENING THE VALVE TO ATMOSPHERE OR, IF PRESSURE 
IS NECESSARY, ALLOW THE SPECIFIED PRESSURE OF 602 OR OTHER INERT GAS TO 
DISPLACE THE VACUUM. PRESSURES OF FROM ДО то 100 LBS. PER SQUARE INCH HAVE 
BEEN OBSERVED IN PRACTICE. DO NOT USE AIR PRESSURE ABOVE ATMOSPHERIC PAR= 
TICULARLY IF LOW FLASH POINT SOLVENTS ARE EMPLOYED. INSULATING VARNISH 1S 
A DIELECTRIC EVEN IN THE WET STATE AND A STATIC CHARGE CAN BE INDUCED THROUGH 
FRICTIONAL FLOW iN THE PIPE LINE. IF THIS CHARGE IS OF SUFFICIENT MAGNITUDE, 
SUBSEQUENT DISCHARGE IN A MIXTURE OF AIR AND GAS WOULD BE DANGEROUS, THE 
GREATER THE AIR PRESSURE, THE MORE THIS MIXTURE APPROACHES THE EXPLOSIVE 
CONCENTRATION. Å FINE MESH METALLIC SCREEN INSERTED IN THE BOTTOM OF THE 
VACUUM TANK AND PROPERLY GROUNDED TO THE TANK WILL PROBABLY REDUCE THIS 
DANGER TO A MINIMUMs 


"SOAK COILS FOR A LENGTH OF TIME DEPENDENT ON THE CYCLE USED. WITH 
4O LBS. PRESSURE PER SQUARE INCH ON THE SURFACE OF THE VARNISH, THE SOAKING 
PERIOD NEED NOT BE MORE THAN 15 MINUTES. ON AN ATMOSPHERIC SOAK WE HAVE 
TO RELY TO SOME EXTENT ON CAPILLARY ACTION AND THIS WILL REQUIRE A SOAKING 
PERIOD VARYING FROM 15 MINUTES TO ONE HOUR. SOAKING IS A VERY IMPORTANT 
PART OF THE VACUUM CYCLE AND IT IS NOT UNTIL THIS OPERATION THAT PENETRA= 
TION IS OBTAINED. 


DRAINING 


"AFTER THE SOAKING PERIOD THE UNITS SHOULD BE REMOVED FROM THE VACUUM 
CHAMBER AND ALLOWED TO DRAIN IN THE OPEN AIR, OVER A CATCH BOARD OR THE 
VACUUM TANK ITSELF, WHICHEVER IS THE MORE PRACTICAL» UNITS ARE SOMETIMES 
DRAINED UNDER VACUUM IN ORDER TO REMOVE EXCESS VARNISH AND SPEED THE EVAP= 
ORATION OF THE SOLVENT. DO NOT ALLOW THE IMPREGNATED UNITS TO DRAIN IM THE 
VACUUM CHAMBER AT ATMOSPHERIC PRESSURE AS THE SOLVENT VAPORS WHICH SATURATE 
THE AIR WITHIN WILL WASH DOWN VARNISH ON THE UNITS, THEREBY LESSENING THE 
BUILD-UP ON THE OUTSIDE OF THE WINDINGS. 


BAKING 


"TRANSFER THE COILS TO THE BAKING OVEN AND BAKE FOR THE SPECIFIED PER= 
¡OD AND AT THE SPECIFIED TEMPERATURE, SOME VACUUM TANKS ARE PROVIDED WITH 
HEATING FACILITIES AND SOME SPECIFICATIONS REQUIRE THAT BAKING BE DONE IN 
THE VACUUM CHAMBER. THIS IS, OF COURSE, ONLY POSSIBLE WITH CERTAIN SYN- 
THETIC-TYPE VARNISHES INASMUCH AS THESE WILL CURE VITHOUT ACCESS TO AIR, 


"IN THE EARLY STAGES OF THE BAKING, THE INTRODUCTION OF FRESH AIR ANO 
THE ESCAPE OF FOUL AIR CONTAINING THE SOLVENT VAPORS MUST BE CONSIDERED, 
NOT ONLY FROM THE STANDPOINT OF A FIRE HAZARD BUT ALSO BECAUSE OF THE DANGER 
OF THE HOT SOLVENT VAPORS HAVING A WASHING DOWN ACTION ON THE VARNISHED 


COILS, 


"THE QUESTION IS OFTEN RAISED AS TO WHAT WILL HAPPEN TO COILS WHICH 
ARE UNDER=BAKED. THE ANSWER TO THIS QUESTION WILL BE GOVERNED BY THE DE- 
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THE. JOHN ο. DOLPH COMPANY ARTICLE CONTINUED κα. ç < < < + 


SIGN OF THE COIL, TYPE OF INSULATION EMPLOYED AND THE APPLICATION. For 
EXAMPLE, COILS WHICH ARE TO BE SUBMERGED IN TRANSFORMER OIL, WHEN INSUF- 
FICIENTLY BAKED, WILL NOT OFFER THE DEGREE ОҒ OIL-PROOFNESS NEEDED FOR THIS 
APPLICATION AND THE RESULT WOULO BE THE FORMATION OF CONSIDERABLE SLUDGE 

IN THE OILe 


"IN THE EVENT THAT THE INSULATING VARNISH IS UNDER-BAKED, THERE IS A 
POSSIBILITY THAT SOME SOLVENT MAY BE RETAINED WITHIN THE COIL AND THIS MAY 
SOFTEN THE ENAMEL TO SOME EXTENT BECAUSE OF THE LONG PERIOD OF TIME PER- 
MITTING SOLVENT ACTION TO OCCUR. IF THIS CONDITION SHOULD EXIST ІМ А МІМО- 
ING, WHEN THE COIL ACQUIRES A TEMPERATURE RISE EQUAL TO ITS RATING, THE AC= 
TION OF THE SOLVENT WOULD BE ACCELERATED, FURTHER AGGRAVATING THE SOFTENING 
ACTION. ON A COIL USED IN AC CIRCUITS, WINDING FAILURE MAY OCCUR AFTER A 
LAPSE OF TIME. MORE SUCCESSFUL OPERATION MAY BE POSSIBLE ON DC CIRCUITS. 


"THE UNDER=BAKING OF HIGH=VOLTAGE COILS MAY RESULT IN AN INSULATING 
COATING THAT WILL NOT OFFER THE REQUISITE OIELECTRIC STRENGTH. IT IS TRUE 
THAT THE DIELECTRIC STRENGTH OF MOST INSULATING VARNISHES IS INCREASED AS 
THE BAKING TIME INCREASES. NOT ALONE THIS, BUT IN THE EVENT THE DEHYDRATION 
OF THE COIL DURING THE VACUUM IMPREGNATING CYCLE WAS NOT COMPLETE, IT IS 
IMPERATIVE THAT THE REMAINING MOISTURE BE ORIVEN OFF DURING THE CURING OF 
THE VARNISH, AS OTHERWISE, ITS PRESENCE WITH THE VARNISH WOULD RESULT IN 
AN INSULATION OF EXCEEDINGLY HIGH DIELECTRIC CONSTANT. THE UNLOADING OF 
THE VARNISH FROM ITS PORTION OF THE DIELECTRIC STRESS CAUSES THE SURROUNDING 
MEDIUM TO TAKE ON MORE THAN ITS PORTION OF THE STRESS. FOR EXAMPLE, IN THE 
PROCESS OF TREATING 12,000-voLT COILS IN OUR LABORATORY, IT WAS NOTICED 
THAT CONSIDERABLE CORONA SURROUNDED UNDER-BAKED COILS WHEREAS ON COILS THAT 
HAD BEEN GIVEN AN EXTENSIVE BAKING, CORONA WAS ELIMINATED. IN THIS PARTICU- 
LAR CASE, THE VARNISH WHICH WAS USED AS AN IMPREGNANT WAS OF SYNTHETIC NA- 
TURE AND IT WAS ALSO kNOWN THAT MOISTURE WAS ONE OF THE PRODUCTS OF POLY- 
MERIZATION. IT iS ABSOLUTELY NECESSARY, THEREFORE, TO BAKE ALL HIGH-VOLTACE 
EQUIPMENT SO THAT CURING HAS BEEN CARRIED TO AN ADVANCED STATE, THUS INSUR- 
ING FREEDOM FROM LATER VOLATILIZATION OF SOME OF THE INGREDIENTS. 


"EVERY ONCE IN A WHILE, DESIGNS ARE ENCOUNTERED WHERE THE TEMPERATURE 
RISE MAY EXCEED 55°C. UNDER=BAKING OF THESE COILS MAY RESULT IN AN INSULA= 
TION WHICH 1S THERMOPLASTICe ÎN OTHER WORDS, WHEN THE OPERATING TEMPERA- 
TURE 1S REACHED, THE VARNISH MAY SOFTEN TO SUCH AN EXTENT THAT ACTUAL FLOW 
OF VARNISH MAY OCCUR. IN THE TREATMENT OF THESE UNITS, 1T HAS ALWAYS BEEN 
SUGGESTED THAT THE BAKING TEMPERATURE BE SOMEWHAT IN EXCESS OF THE OPERA- 
TING TEMPERATURE. THIS 15 TO SAY, IF THE FINAL OPERATING TEMPERATURE OF A 
CoiL 15 2509Ғ, SUCH A COIL SHOULD BE BAKED AT LEAST AT 275°F., PREFERABLY 
Α΄ ορ ει 


"LET US SUMMARIZE THE ADVANTAGES OF PROPER BAKING? 
1. RESULTS IN IMPROVED O|L=PROOFNESS. 


2. INCREASE IN DIELECTRIC STRENGTH. THE WET DIELECTRIC STRENGTH 
(IN THE PRESENCE OF MOISTURE) IS GREATLY INCREASED WITH BAKING 
TIME. INCREASED CORONA RESISTANCE. 


Da THE RESISTANCE TO HAZARDOUS OR CORROSIVE ELEMENTS INCREASES. 
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THE JOHN C. DOLPH COMPANY ARTICLE CONTINUED a a o e > à 


4. 


THE RIGIDITY OF THE WINDING IMPROVES, PERMITTING OPERATION 
UNDER CONSIDERABLE VIBRATION. 


FREEDOM FROM ELECTROLYSISO 


ELIMINATION OF VOLATIZING INGREDIENTS," 
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THESE ARE SPECIFICATIONS FOR A TYPICAL PHENOLIC MATERIAL (GRADE XXXP) 
WHICH TEKTRONIX USES FOR TERMINAL BOARDS . . . . 


PROPERTIES 


THICKNESS, IN INCHES + o ο ο 
DOLOR κ aa ο ο ὃν 
TENSILE STRENGTH, PSI ο ο « 
FLEXURAL STRENGTH, PSI « < à 


COMPRESSIVE STRENGTH, PSlo «ο 


o 


IMPACT STRENGTH, FT. LBS. (1zoon) 


(AVERAGE VALUES) 


o 


AA 5. ເ .015 To Y 

© ж ж е ө саса  NATURALZBEACK 
zd. ira 7000 

Жк: ж-т rr iw. SI ОО 

jouet Mus & ESOO 

EA ci die 3 0.4 


MoiSTURE ABSORPTION PER CENT, 24 HRSe ο ο ο ο ο ο ТО 


DIELECTRIC STRENGTH, VOLTS PER MIL + 


Se a 650 


POWER FACTOR AT 14000 KG cao a EE, es ຊ 4027 
DIELECTRIC CONSTANT OAT LOOO KO. 57 54-5 Ха жа 4.5 
Loss FACTOR Απο ο κο Sm med de ST GE 0.12 
HEAT RESISTANCE (CONTINUOUS); DEGREES F ss eso 250 
HEAT RESISTANCE (SHORT TIME), DEGREES F . . . . . 279 


SOME ADDITIONAL DESIGN CONSIDERATIONS? 


DENSITY, 4 do EDER E AR Moos 
SPECIFIC HEAT ea s + ө e ù e o 
LINEAR EXPANSION COEFFICIENT 


THERMAL CONDUCTIVITY ο ο ο ο 


e. VITE 
. 0.30-0.40 BTU/Le. 
š «000025 PER IN. PER DEG. C. 


e APPROX, 2 BTU PER SQ, FT, PER 
HR.» PER IN, PER DEGREE ຕ໌, 


ALSO SEE TABLES PUSLISHED IN NEMA STANDARDS FOR LAMINATED PRODUCTS 
FOR MAXIMUM AND MINIMUM VALUES OF ALL GRADES FOR VARIOUS THICKNESSES. 
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DESIGN REQUIREMENTS . . o o « « AND SOME SPECIFIC EXAMPLES 


ÅT TEKTRONIX, INDIVIDUAL INSTRUMENT REQUIREMENTS INFLUENCE DESIGN 
DECISIONS IN MANY WAYS. IN ONE CASE, PARTICULARLY HIGH REGULATION 3S RE= 
QUIRED PERHAPS ON ONLY ONE WINDING. IN SOME CASES, EXTERNAL FIELD MAY 
HAVE TO BE KEPT AT WHAT MIGHT BE CONSIDERED ''UNREASONABLY (ОМ! LEVELS. 
CHASSIS SPACE MAY BE AT A PREMIUM IN SOME MODELS == EVEN THOUGH THERE'S 
ADEQUATE HEIGHT. IN OTHER INSTANCES, IT MAY BE NECESSARY TO MOUNT THE 
TRANSFORMER WHERE IT RECEIVES LITTLE OR NO AIR CIRCULATION, WERE Αι- 
WAYS FACED WITH THE PROBLEM OF KEEPING COSTS AT THE LOWEST POSSIBLE LEV- 
ELS CONSISTENT WITH OUR HIGH QUALITY AND PERFORMANCE STANDARDS, 


THESE ARE BUT ILLUSTRATIVE OF THE MANY VARIABLES THAT HAVE TO BE CON- 
SIDERED IN TRANSFORMER DESIGN. WE'D ALSO LIKE TO POINT OUT HERE THAT OUR 
POWER RATINGS ARE FOR USE IN A SPECIFIC INSTRUMENT AND CONDITIONS OF OPERA- 
TION AND ARE NOT NECESSARILY TRUE IF THE TRANSFORMERS ARE USED FOR OTHER 
PURPOSES. 


OBVIOUSLY, IT'S IMPRACTICAL TO ATTEMPT A TEXT=BOOK APPROACH TO ALL 
THE RAMIFICATIONS OF TRANSFORMER DESIGN == MOST PARTICULARLY IN A QUASI- 
TECHNICAL PUBLICATION SUCH AS THIS MANUAL. BUT WE'LL OFFER CERTAIN EX- 
AMPLES THAT WILL BE HELPFUL TO AN UNDERSTANDING OF SOME OF THE DESIGN CRI- 
TERIA AND APPROACHES THAT ARE INVOLVED. 


CONSIDERING CORE DESIGN 


THE FOLLOWING EXAMPLES WILL ASSUME THE USE OF 0.014" (299) M6 GRADE 
ORIENTED SILICON STEEL LAMINATIONS (scRAPLESS). WE'LL USE THE SAME FLUX 
DENSITY IN EACH CASE. THESE EXAMPLES SHOULD SHOW THE INTERRELATION OF 
SOME OF THE FACTORS WE'VE PREVIOUSLY MENTIONED (iN THE GENERAL INFORMA- 
TION SECTION) IN ACTUAL DESIGN. 


THE PROBLEM: To DESIGN A TRANSFORMER TO OPERATE FROM A 117=VOLT SIXTY= 
CYCLE LINE TO SUPPLY A SECONDARY LOAD OF 20 VOLTS AT FIVE AMPERES. 

THE UNIT SHALL BE OF THE OPEN TYPE (TEKTRONIX TYPE C). WE'LL CONSIDER 
THREE DESIGN APPROACHES: 


rx 
DESIGN No. l WILL USE A THREE INCH STACK OF 1'' SCRAPLESS. pa. 

i 323 
DESIGN No. 2 witt use A 7/8" STACK OF 1-%'' scRAPLESS. Loa 
DESIGN NO. 3 WILL USE A 1o5!" STACK OF 14! sCRAPLESS. Wu Ἱ 


THE FLUX DENSITY, ASSUMING A STACKING FACTCR OF .9, WILL BE 11,480 
GAUSS. THUS WE'LL HAVE THE SAME CORE LOSS PER POUND IN EACH EXAMPLE. 


Most OF THE COOLING FROM TRANSFORMERS OF THIS TYPE TAKES PLACE IN DI- 
RECT RADIATION AND CONDUCTION FROM THE EXPOSED CORE SURFACE »»»55 


DESIGN Noes 1 WILL HAVE APPROXIMATELY 27 SQUARE INCHES OF SURFACE, 
DESIGN No. 2 WILL HAVE APPROXIMATELY 74 SQUARE INCHES OF SURFACE. 


DESIGN No. 3 WILL HAVE APPROXIMATELY 18 SQUARE INCHES OF SURFACE, 
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TS m 
FURTHER INFORMATION ON CORE DESIGN . . . . « . 23 | 


je 
( 


уе 

IN DESIGN NO. 1, THE WINDING WILL BE: yv 
PRIMARY ..... 200 TURNS #21 (NOTE THAT THIS ?S 600 TURNS 

PER SQUARE INCH OF CROSS-SECTION 
SECONDARY +... 36 TURNS 2417 q ton.) 

A SIX PER CENT ALLOWANCE IS MADE FOR LEAKAGE REACTANCE AND !R DROP IN 

THE WINDINGS, ACCOUNTING FOR 36 TURNS INSTEAD OF THE EMPIRICAL 34 TURNS 

IN THE SECONDARY. 


THE PRIMARY HAS 200 TURNS OF 812 CIRCULAR MILL WIRE (SEE TABLE, PAGE 
24), or 162,000 CIRCULAR MILL TURNSe THE SECONDARY HAS 36 TURNS OF 
4,100 CIRCULAR MILL WIRE, OR 147,600 CIRCULAR MILL TURNSO 


PRIMARY 00000 162,000 
SECONDARY eee 147,600 





TOTAL +..... 310,000 (APPROX+ ) CIRCULAR MILL TURNS. THIS IS CON- 
SIDERED REASONABLE FOR THE 3/4 SQUARE INCHES OF SPACE IN THE WINDOWo 
REFER TO THE ILLUSTRATION ON PAGE 11, WHERE WE'VE STATED THAT LAMINA= 
TION SIZES ARE REFERRED TO BY TONGUE wIDTH (1" iN THIS CASE) AND THAT 
TONGUE LENGTHS AND WINDOW WIDTHS ARE 1-1/2 AND 1/2 TIMES THE TONGUE 
WIDTH, RESPECTIVELY. THEREFORE, (1.5 x 1) x (25 x 1) = 075 SQUARE INCHES 
OF WINDOW SPACE» 


THE MEAN LENGTH OF THE PRIMARY TURNS WILL BE O"". TWE TOTAL PRIMARY 
WINDING EQUALS 150 FEET, OR 1.90 OHMS. THE SECONDARY MEAN TURN IS 11" 
FOR A TOTAL OF 396", or «002 OHMS. 


2 
CALCULATING THE TOTAL COPPER LOSS == OR | R == WE HAVES 


PRIMARY eccce 086 AMPERES PLUS THE MAGNETIZING CURRENT ESTIMATED 
AT el AMPERES. THIS Is EQUAL TO 1.90 WATTS LOSS 
IN THE PRIMARY. 


SECONDARY eee 5.0 AMPERES, WHICH Gives us 25 x .085 онмѕ, ов 2.08 
WATTS. 


ToTAL COPPER LOSS IS, THEREFORE? PRIMARY 2.... 1.90 
SECONDARY see 2008 


i 5.90 WATTS 


ADO "THE eEST LMAL Ee DOR SeLOSS «crisis carre 2692. WATTS 





TOTAL ESTIMATED LOSS κοιν ວະ. 0650 WATTS 


SINCE THE OUTPUT IS 100 WATTS, WE HAVE AN EFFICIENCY FACTOR OF 9l PER 
CENT. 


THE WEIGHT OF COPPER 15 +/9 LBS. 


THE WEIGHT OF THE CORE IS 4.2 185. 
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AND MORE ON CORE DESIGN & «e ж» 


IN DESIGN NO. 2, wE CAN TABULATE THE DESIGN CONSIDERATIONS, THUS: 








No. OF WIRE CIRCULAR TOTAL 











WINDING TURNS SIZE MILLS LENGTH OHMS Watts Loss 
PRIMARY 458 #21 371,896 238 FT. 5,05 3,05 
SECONDARY 83 2417 340,300 65 FT. .164 4.1 
ToTALS 712,000 (APPROX.) 7.15 
CIRCULAR 


MILL TURNS 


AbDt ESTIMATED CORE LOSS ο οι ο οκ ον κα Tè ZO 





TOTAL LOSS ... 8.85 watts 


WITH AN OUTPUT ОҒ 100 wATTS, WE HAVE AN EFFICIENCY FACTOR OF 91 PER 
CENT. 


THE WEIGHT OF COPPER 1S 1.4 LBS. 
THE WEIGHT OF THE CORE 15 2.8 LBS. 


IN DESIGN NO. 5, WE'LL TABULATE SIMILAR CONSIDERATIONS, THUS: 


No. OF WIRE CIRCULAR TOTAL 








W1NDING TURNS SIZE MILLS LENGTH OHMS WATTS Loss 
PRIMARY 320 ΜΟΊ 259, 840 180 Fr. 253 2.3 
SECONDARY 58 2417 237,800 45 FT. „11 2„75 
TOTALS 498,000 (APPROX.) 5.05 
CIRCULAR 


Mitt TURNS 


ADÈS" ESTIMATES “CORE. LOSS RR 2,00 





TOTAL: LOSS. mas 7.05 WATTS 


WITH AN OUTPUT OF 100 WATTS, WE HAVE AN EFFICIENCY FACTOR OF 953 PER 
CENT. 


THE WEIGHT OF COPPER 1S 1.0 LBS. 


THE WEIGHT OF THE CORE iS 5.55 LBS. 


ANALYZING THE FOREGOING DATA, WE SEE THAT: 


DESIGN NO, 1 HAS THE GREATEST SURFACE AREA AND THE LOWEST LOSS, AND 
IS THE MOST CONSERVATIVELY RATED. IT WILL ALSO HAVE THE BEST VOLTAGE 
REGULATION, THE COST OF STEEL WILL BE HIGHER, EVEN THOUGH IT'S LIGHTER 
IN WEIGHT THAN THE OTHER TWO DESIGNS. 


DESIGN NO. 2 HAS THE HIGHEST LOSS AND THE LEAST EXPOSED CORE AREA, 
IT WILL RUN HOTTER THAN ESTHER OF THE OTHER TWO DESIGNS. ITS REGULATION 
WILL BE THE POOREST OF THE THREE EXAMPLES. 








CORE DESIGN, CONTINUED . a + «s +. « 


DESIGN NO. 5 HAS ALMOST THE SAME ELECTRICAL EFFICIENCY As No. 1, BUT 
HAS ONLY 76 PER CENT OF THE SURFACE AREA. EXPERIENCE INDICATES IT WOULD 
SHOW A 10 DEGREE RISE OVER No. 1, 


HAD THE CROSS SECTION AREA BEEN KEPT THE SAME IN ALL THREE EXAMPLES, 
WE WOULD FIND THAT A SQUARE CROSS SECTION WOULD GIVE THE LOWEST COPPER 
LOSS AND THE BEST REGULATION, THE LARGER LAMINATIONS,S WITH MORE WINDOW 
SPACE, WOULD PERMIT THE USE OF LARGER WIRE == THUS, WE'D HAVE LESS COPPER 
(055. SPACE AND WEIGHT WOULD, THEREFORE, BECOME THE LIMITING FACTORS. 


NOTE THAT INCREASING THE STACK HEIGHT TO MORE THAN THREE TIMES THE 
TONGUE WIDTH PRESENTS WINDING PROBLEMS. 


WITH ORIENTED SIL!CON STEEL AT NORMAL FLUX DENSITIES, THE CORE LOSSES 
ARE VERY LOWe THE LIMITATION ON THE CORE iS ITS FLUX HANDLING CAPACITY 
(REGULATION AND EXTERNAL FIELD) RATHER THAN LOSS. THUS, THE OVERALL PER= 
MEABILITY OF THE CORE STRUCTURE IS THE IMPORTANT CONSIDERATION, 


e 
THE OTHER LOSS FACTOR == THE COPPER OR CONDUCTOR | R iS KEPT LOW BY? 
A. USING THE LARGEST CONDUCTOR POSSIBLE; 
Be A CAREFUL CHOICE OF INSULATION TO AVOID WASTING WINDOW SPACE; 


Ce CARE IN WINOING, 


THE COPPER UTILIZATION FACTOR (он, THE PERCENTAGE OF COPPER CROSS 
SECTION TO THE WINDOW AREA) iS THE FIGURE OF MERI Te THIS GENERALLY IN= 
CREASES WITH THE WINDOW SIZE. IN OUR EVERY-DAY WORK, WE CALCULATE THE 
NUMBER OF CIRCULAR MILL TURNS TO EVALUATE THE PRACTICABILITY OF A CONTEM= 
PLATED WINDING FOR A GIVEN CORES GENERALLY, THE HIGHER THE SECONDARY VOL- 
TAGE, THE LOWER THE COPPER AREA, SINCE THE RATIO OF INSULATION TO COPPER 


INCREASES è 


We'vE PREVIOUSLY DISCUSSED INCREASING THE OVERALL EFFICIENCY OF CORES 
USING STAMPED LAMINATIONS OF ORIENTED GRADE SILICON STEEL OR OTHER HIGH- 
PERMEABILITY ALLOYS. To REITERATE: 


А. THE FIRST FACTOR TO BE CONSIDERED 1S THE PERMEABILITY OF THE MAT= 
ERIAL ITSELF AT OPERATING FLUX DENSITIES. SOME MATERIAL IS AN- 
NEALED AND PROCESSED TO OBTAIN HIGH INITIAL PERMEABILITY, OR HIGH 
PERMEABILITY AT SAY 50 GAUSS, RATHER THAN HIGH PERMEABILITY IN 
THE 12,000 To 18,000-GAUSS REGION. 


Be To INSURE MAXIMUM STACKING FACTOR, THE MATERIAL MUST BE OF UNI- 
FORM THICKNESS AND HAVE GOOD SURFACE CHARACTERISTICS. THE LAMI= 
NATIONS MUST BE FLAT AND BURR-FREE>» 


Co ACCURATE STAMPINGS, FLAT ACROSS THE ENDS OF THE SIDE LEGS AND 
TONGUE AND WITH SMOOTH SIDES ON THE l's, ARE REQUIRED TO KEEP A0QR 
GAP AT A MINIMUM. THE LAMINATIONS MUST BE CAREFULLY AND ACCURATELY 


STACKED. 


WE'VE ALSO DISCUSSED IMPROVING PERFORMANCE BY CHANGING THE SHAPE OF 
THE LAMINATIONS, AND HAVE ILLUSTRATED THE ADVANTAGES OF THE TEKTRONIX SPEC- 
PAL 1=3/8"L LAMINATION OVER A STANDARD SCRAPLESS LAMINATION, 
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SOME GENERAL CONSIDERATIONS WHICH PERTAIN TO TEKTRONIX STANDARD POWER 
TRANSFORMERS . +. . . . . 


CERTAIN WINDINGS MUST BEAR DEFINITE PHASE RELATIONSHIPS TO OTHERS. 
THESE ARE CALLED OUT ON OUR WINDING SHEETS AND ARE CHECKED ACCORDINGLY 
WHEN THE UNITS ARE TESTED. 


PRACTICALLY ALL OF THE TRANSFORMERS WE NOW PRODUCE HAVE ELECTRO= 
STATIC SHIELDS OF ΟΝΕ OUNCE PRESSURE=SENSITIVE COPPER BETWEEN THE PRIMARY 
AND SECONDARY WINDINGS. 


IN OUR PREVIOUS DESIGN EXAMPLES, WE INDICATED A RESISTIVE LOAD. ім 
ACTUAL PRACTICE, OUR COMBINATION PLATE AND FILAMENT (POWER) TRANSFORMERS 
ARE USED UNDER ABOUT 90 PER CENT POWER FACTOR LOAD CONDITIONS. 


IN THE EXAMPLES OF TYPIGAL TRANSFORMERS WHICH FOLLOW, WE HAVE NOTED 
THE DC LEVEL AT WHICH THE WINDING OPERATES, RATHER THAN ITS TERMINAL 
VOLTAGE. IT's GOOD DESIGN PRACTICE TO KEEP THE VOLTAGE GRADIENT BETWEEN 
WINDINGS AS LOW AS PRACTICAL. THUS, THE HIGH VOLTAGE SECONDARIES ARE GEN- 
ERALLY VOUND WITH THE NEGATIVE SUPPLY FIRST, THEN NEXT THE LOWEST POSITIVE 
DC SUPPLY, AND SO ON, 


WE SHOW EXAMPLES or our #120-064 ano #120-096 TRANSFORMERS AS TYPICAL 
OF OUR TAPPED PRIMARY ТҮРЕ. THEY'RE SOMETIMES REFERRED TO AS EXPORT MODELS» 
WHEN TERMINAL BOARDS USING OUR STANDARD FORK-TYPE TERMINALS ARE USED, WE USE 
SEPARATE "Buck-BoosT!'' WINDINGS, WHICH CAN BE INSERTED IN SERIES WITH THE 
PRIMARIES.» 


CONSIDER ΤΗΕ #120-037 TRANSFORMER. THE Two "Buck=BoosT!" wiNDINGS 
WOULD CONSIST OF 10 TURNS EACH. THIS, IN ESSENCE, GIVES US THE CHOICE OF 
А 162Т, 172T on 182T primary (324, 344, orn 364 IN SERIES), THUS, OUR MEAN 
PRIMARY VOLTAGES ARE 110, -117, 124=, 220, -234 anv 248 INSTEAD OF THE REGU= 
LAR 117-234 voLT STANDARD. 


0 1 2 
E É P2 
\ li 
---ϕ 110 ; 


ee kI? 


C D 
bes do 2. 
TAPPED PRI "BUCK-BOOST" 
(Two IDENTICAL PRI AC AND BD ARE EQUAL TO 
ARE USED) SIX PER CENT oF PRI 


MORE ON TRANSFORMER DESIGN + e ew + » 


THE #120-014% TRANSFORMER WAS DESIGNED AS A REPLACEMENT FOR THE 
COMMERCIAL UNITS USED IN THE ORIGINAL 511 OSCILLOSCOPE. THE ORIGINAL 
UNITS, FROM FIVE DIFFERENT SOURCES, ALL HAD A HIGH FAILURE RATE == PER= 
HAPS 100 PER CENT. THIS WAS DUE TO CORONA DAMAGING THE INSULATION AS= 
SOCIATED WITH THE OUTSIDE OF THE 1522 TURN WINDING (WHICH IS STACKED ONTO 
ONE-HALF OF THE MAIN HIGH-VOLTAGE SECONDARY WINDING AND IS USED TO SUPPLY 
POSITIVE AND NEGATIVE 1680 voLTS THROUGH TWO TYPE 2 X 2 RECTIFIERS) AND 
THE ELEVATED FILAMENT WINDINGS. 


OUR REPLACEMENT TRANSFORMERS WERE LAYER=WOUND, USING 0.002" KRAFT IN- 
TERLAYER INSULATION ON THE HIGH-VOLTAGE SECONDARIES AND 0,00!!! ELSEWHERE. 
BARRIERS WERE ONE 0.004"! KRAFT PLUS ONE 0.005" varnISHED COTTON CLOTH. 

IN ADDITION, THREE LAYERS OF 0.007" GLASS CLOTH WERE USED TO ISOLATE THE 
THREE ELEVATED FILAMENT WINDINGS. THE GLASS PROVED 10 BE AN EXCELLENT 
CORONA-RESISTANT BARRIER, 


DURING DEVELOPMENT, THE UNITS WERE GIVEN ACCELERATED AGING TESTS BY 
OPERATING THEM UNDER LOAD AT HIGH PRIMARY VOLTAGE. INDUCED VOLTAGE TESTS 
WERE MADE BY OPERATING PRIMARY AT 180 voLTS АТ 100 CPS. THE PROTOTYPES 
MET ALL TESTS WITHOUT FAILURE, AND THIS DESIGN HAS PROVED ITSELF IN SER= 
VECE. 


LET'S TAKE A LOOK AT SOME OF THE FEATURES OF THIS UNIT: 
2-1/4" stack oF 1-3/8"! sCRAPLESS LAMINATIONS 

MATERIAL —= M15 GRADE STEEL 

CIRCULAR MILL TURNS == 656,000 

В Мах (117 vorts/60 CPS) -- 11,100 Gauss 


WINDING VoLTS Turns WIRE SIZE 
PRIMARY 117 220 #20 
SECONDARY 146 - .125А 852 -0- #28 
(D.C.) 832 
SECONDARY 765 - .005 1552 #35 
ampere (DC) 
SECONDARY 2.5 = 2 AMPERE 5 #20 ) 
SECONDARY 2,5 = 2 AMPERE 5 #20 
SECONDARY 6.5 = .6 AMPERE 13 423 ) ELEVATED 
SECONDARY 5.2 - 4 ampere 10 #17 


HERE ARE SOME OF THE FEATURES OF our #120-017 MaiN Power TRANSFORMER 
FOR THE 511A OSCILLOSCOPE: 


2=1/2" STACK oF 1-1/2" SCRAPLESS LAMINATIONS = ORIGINALS 
MATERIAL = M15 STEEL 

CIRCULAR MILL TURNS == 784,450 

B Max (117 voits/60 CPS) -- 11,000 Gauss 
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THE FEATURES OF THE #120-017 MAIN POWER TRANSFORMER, CONTINUED > s e e. 


WINDING VoLTS TURNS WIRE SIZE 

PRIMARY 117/234 184 #20 

SECONDARY 260 = „г 432 = 0 < #25 
AMPERES (DC) 432 

SECONDARY 6,5 = <6 0-11 #23 
AMPERES 

SECONDARY 260 - .055 UT =D å 435 
AMPERES 432 

SECONDARY 6.5 = 6 Q=11 #23 
AMPERES 

SECONDARY 645 6 O11 #23 
AMPERES 

SECONDARY 6.5 – «3 0-11 #25 
AMPERES 

SECONDARY 6.5 = 2.45 0217 #23 
AMPERES 

SECONDARY CALi- 0-58 #30 

BRATOR 

SECONDARY 5,2 +65 0-9 3:420 
AMPERES 

SECONDARY 6.5 - 10.5 0-11 3417 
AMPERES 


IN DESTRUCTION TESTS OF THIS UNITS 


ALL WINDINGS SHORTED; VOLTAGE APPLIED FROM WINDINGS TO GROUND. 
BREAKDOWN 
Ao HIGH VOLTAGE SECONDARY TO GROUND AT 2800 VOLTS ReM.So; 
Be 10.5A SECONDARY TO GROUND At 4200 voLTS; 
C. CRT FILAMENT TO GROUND AT 8400 voLTS+ * 


*THIS BREAKDOWN OCCURRED BETWEEN LEAD AND BACK OF ADJACENT TERMINAL. 
AFTER CLEARING, WITHSTOOD 10,000 voLTS FOR ONE MINUTE. 


NORMAL INPUT WATTS TO THIS TRANSFORMER == 270 
0 
TEMPERATURE RISE == 500 (no FAN). 


IN THE PROTOTYPES, A HOT SPOT WAS NOTICED ІМ THE MAIN VOLTAGE SECON- 
DARY To CORRECT THIS, THE HIGH VOLTAGE SECONDARY WAS WOUND NEXT TO THE 
CORE. A SHORTER MEAN TURN REDUCED THE IR AND ALSO IMPROVED VOLTAGE REGU= 
LATION. No EXCESSIVE HEATING OCCURS IN THE PRIMARY, {Т SHOULD BE NOTED 
THAT A LARGE INPUT CAPACITOR IS USED IN THE FILTER CIRCUIT IN THIS INSTRU= 
MENT, MAKING FOR A HIGH PEAK CURRENT» To GET GOOD VOLTAGE REGULATION, THE 
RESISTANCE OF THE WINDING MUST BE KEPT SMALL» THESE PRIMARIES AND MAIN 
HIGH-VOLTAGE SECONDARIES ARE RANDOM WOUND IN TWO EQUAL Pií's., 
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NOW, CONSIDER THE #120-012 POWER TRANSFORMER FOR THE’ 315 "SCOPE . , , «e oo 
THESE ARE THE DESIGN FEATURES: 
2" stack oF 1-1/2" SCRAPLESS 
MATERIAL - MÓ 
CIRCULAR Mitt Turns - 721,000 
В Мах (117 votts/60 CPS) = 12,350 


WINDING VoLTS TURNS WIRE SIZE 
PRIMARY 117/234 0.20% se #22 
ο ο σοι 
1 SECONDARY 220 - .125 0 - 408 #27 
AMPERES (DC) 
2 SECONDARY 140 - .310 0 - 260 221 
AMPERES (DC) 
3 SECONDARY 150 - .290 O = 240 #24 
AMPERES (DC) 
4 SECONDARY 130 - .150 0 - 240 #27 
AMPERES (DC) 
6.5 6 0-12 2418 
AMPERES 
6.5 тт l О ຫ 12 #18 
AMPERES 
6.5 > Su О a 12 #18 
AMPERES 
6.5 - 2.4 O ~ 12 418 (STATIC SHIELD 
AMPERES UNDER/OVER TEFLON 
BARRIER) ORIGINAL 
37.5 FAN o = 68 #27 | 


HERE ARE SOME OF THE DETAILS ON THE #120-037 = 560 VA = POWER TRANS= 
FORMER FOR THE 535 OSCILLOSCOPE; 


THE PRIMARY WINDING IS AT 117/234 VOLTS, wiTH O = 172 = 0 - 172 
TURNS, USING #18 WIRE. 


SHIELD: 

WINDING VoLTS TuRNS WIRE SIZE 

SECONDARY 1 -150 - .2 307 #25 
AMPERES (DC) 

SECONDARY 2 +100 = .55 225 #21 
AMPERES (DC) 

SECONDARY 3 4225 - .ມ2 196 #22 


AMPERES (DC) 
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THE FEATURES OF THE 7120-037 - 560 VA - POWER TRANSFORMER, CONTINUED ..... +. 


WINDING VOLTS TuRNS WIRE SIZE 

SECONDARY 4 +350- .24 182 fol. 
AMPERES 

SECONDARY 5 4500 - .085 214 #28 
AMPERES 

SECONDARY 6 (-2000 CRT Fit) 10 #23 

SECONDARY 7 6.5 -4 10 #17 
AMPERES 

SECONDARY 8 6.5 = 4 10 #17 
AMPERES 

SECONDARY 9 6.25 - Y 10 #17 
АМРЕВЕ5 

SECONDARY 10 6.5 = 7 10 2419 
AMPERES 

SECONDARY 11 6.5 - 8 10 217 
AMPERES 

SECONDARY 12 6.5 - 6 10 2/20 
AMPERES 


THERE 1S A 2o4" stack oF 1-2/8"L LAMINATIONS, LAYER WOUND, 
MATERIAL ~ М 

CIRCULAR MILL TURNS == 1,280, O00 

В Мах (117 voits/60 CPS) -= 13,200 


THE INSULATION IN THIS UNIT IS COMPRISED of 0.010" RAG PAPER (USED 
IN BARRIERS IN ADDITION TO 0.007" FiBremaT), AND O.CO4!' KRAFT. 


DESTRUCTION TESTS INCLUDED THE FOLLOWING; 


Ae ALL WINDINGS TO GROUND = 3,000 votts, AC, FAILURES ON MARGIN, 
BALANCE 4,000 voLTS TO GROUND. 


Be 1,000 voLTs WINDING TO WINDING. 


ORIGINALLY, THIS TRANSFORMER WAS WOUND ON A 2.9!'' stack orf LE TYPE 
LAMINATIONS, USING M15 GRADE 26° MATERIAL. IT HAD THE SAME NUMBER OF 
TURNS AS LISTED ABOVE. ITS B Max was 11,000 GAuss. 


THESE ARE SOME OF THE DETAILS ON THE 4120--064 POWER TRANSFORMER FOR 
THE 316 OSCILLOSCOPE? 


1.5" stack oF 1-1/2" scRAPLESS LAMINATIONS, 
MATERIAL == MO 
CIRCULAR MILL TURNS == 854,000 


SINCE THE WINDING DETAILS, ETC. ARE SIMILAR TO THOSE LISTED FOR THE 
#120-096 unit (FOLLOWING), WE'VE OMITTED THEMe DETAILS ON ELECTRICAL OPERA- 
TION ARE TYPICAL OF OTHERS USING FULL=WAVE RECTIFIERS, AND SUPPLYING HEATERS. 


“Бы 


SOME OF THE DETAILS ON THE #120-064 POWER TRANSFORMER, CONTINUED ...... 


VOLTS 

INPUT | Ames W POWER V.A, Pars 
100 2.3 213 230 .926 
105 2.36 228 248 „919 
qq 2455 267 295 „905 
125 2.65 299 529 .908 
130 2.71 320 555 «906 


AND THESE ARE SOME OF THE DETAILS OF THE #120-096 TRANSFORMER, WHICH 
ILLUSTRATES THE TAPPED PRIMARY TYPES: 


1-1/4" stack oF 1=1/2" SCRAPLESS LAMINATIONS 
MATERIAL == М 

CIRCULAR MILL TURNS == 826,500 

B Max -- 13,200 Gauss 

286Т-105 votrs; 305T-117 vorrs; 32HT-125 voLTs. 


THE PRIMARY WINDING IS AT 117/234 VOLTS, WITH 286-305-324 TURNS AND 
19-38-324 TURNS, BOTH USING #22 WIRE. 


SHIELD: 

SECONDARY =150 DC 555 TURNS #27 WIRE 
SECONDARY +150 DC 275 TURNS #27 WIRE 
SECONDARY +300 DC 565 TURNS #27 WIRE 
SECONDARY 6.45/26 18 TURNS #23 CRT FILAMENT 
SECONDARY 6.5/.6 18 TURNS #23 WIRE 
SECONDARY 6.5/4.0 18 TURNS #17 WIRE 
SECONDARY 6.5/3.0 18 TURNS 418 WIRE 
SECONDARY 6.5/3.2 18 TURNS #18 WIRE 


SPACE-SAVING POLYESTER WEB 15 USED FOR BARRIERS IN THIS UNIT, INCLUD- 
ING BARRIERS AROUND OUR CRT FILAMENT WINDINGS. 
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ABOUT OSCILLATOR TYPE TRANSFORMERS e o o o . o 


AN OSCILLATOR TRANSFORMER IS USED TO FURNISH ACCELERATING VOLTAGE (5) 
FOR THE CATHODE RAY TuUBE. ITS PRIMARY IS GENERALLY ASSOCIATED WITH A TUBE TO 
FORM A HARTLEY OSCILLATOR CIRCUIT. ІНЕ SECONDARY VOLTAGE OR VOLTAGES ARE 
THEN RECTIFIED AS DESIRED. 


EARLY MODELS OF TEKTRONIX 'SCOPES USED OSCILLATOR SUPPLIES, OPERATING AT 
FROM TWO TO FOUR KoCo THESE USED CORES OF CONVENTIONAL SILICON IRON, AND 
WERE QUITE EFFICIENTe 


THESE HAVE BEEN SUPERSEDED IN LATER MODELS WITH SUPPLIES OPERATING IN THE 
ΠΟ KeCe AREA, WHICH USE FERRITE CORES. THIS PERMITS MUCH SMALLER AND LIGHTER 
UNITSO 


IN BOTH TYPES, THE TRANSFORMER PRIMARY MUST ACT IN CONJUNCTION WITH THE 
TANK CAPACITOR TO FORM THE OSCILLATOR "TANK'! CIRCUIT. A LARGE AIR GAP IS 
NEEDED TO OBTAIN A SATISFACTORY "Q" AND PRIMARY INDUCTANCE (maximum "Q" າຣ 
OBTAINED WHEN CORE LOSSES EQUAL THE COPPER LOSS). CONSIDERATION MUST ALSO 
BE GIVEN TO KEEPING THE "C' or THE SECONDARY WINDINGS LOWe LEAKAGE FLUX AND 
LEAKAGE REACTANCE (HIGH PRIMARY TO SECONDARY TURNS RATIO) BOTH CONTRIBUTE TO 
POOR VOLTAGE REGULATION» 


THE SMALL SIZE OF THESE UNITS, AND THE HIGH VOLTAGES ENCOUNTERED, CREATE 
AN EVER-PRESENT CORONA PROBLEM. 


FoR THE HIGH FREQUENCY TYPES, WAX IMPREGNATION IS THE MOST ECONOMICAL. 
IT PROVIDES ADEQUATE CORONA PROTECTION, IN MOST CASES. 


FERRITE CORE MATERIALS ARE CERAMIC IN NATURE, CONTAINING IRON, ZINC, 
NICKEL, COPPER AND/OR OTHER METALS. A TYPICAL FERRITE HAS THESE CHARACTERIS= 
TICS: 


WI TTAL. PERMEABILITY @ 1 Mi0./SECO scores 250 
MAXIMUM PERMEABILITY өөөз»оөөөөзөөөөөөөөөөөөөөөөө өөө ө ө 1 1 ОО 
SATURATION FLUX DENSITY; IN GAUSS оаа ое оње ЧОО 
RESIDUAL MAGNETISM, IN GAUSS 0000000000 0000000 0000 02/00 | 
COERCIVE FORCE, ІМ OERSTEDS eeeccceccccccecccccecccceccn en 


TEMPERATURE CO-EFFICIENT OF THE INITIAL PERME- 
ABILITY arr IN %/ C 00000000000009090000000000000000 e. HO 


CURIE POINT IN Fi RENE 0 
(CURIE POINT "СР" = TEMPERATURE AT WHICH A MATERIAL BECOMES МОМ-МАС- 
NETIC == loEoy THE TEMPERATURE WHERE INITIAL PERMEABILITY DROPS TO A 
10 PER CENT OF ITS ROOM TEMPERATURE VALUE, THE "CP" оғ SOME FERRITES 
IS AS LOW AS 70 DEGREES C) 


Loss FACTORS 
1 ο ο reece @ 1 MeCeo/SECe €000009900000090009 0.00007 
Po Q O 5 MeCo/SECO 000090000 090000000 0.0008 


T = INITIAL PERMEABILITY) 
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TEKTRONIX TRANSFORMERS e. e α 


THEIR DESIGN AND MANUFACTURE 


SECTION | 


PART 3 = DETAIL INFORMATION 
ON MANUFACTURING PROCESSES 


TABLE OF CONTENTS 
SECTION 1 


PART 3 = DETAIL INFORMATION 


PREFACE 4. wav oW Те Id iu w. SS SU W IS Ж, жй a a 
STRUCTURE OF THE TRANSFORMER MANUFACTURING DEPARTMENT 
ABOUT TRANSFORMER ENGINEERING AND PRE=PRODUCTION » ο 
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ABouT TRANSFORMER WINDING è o o © o. © © © e ө ө ө ο ο 
IN THE STACKING AND IMPREGNATION ÁREAS `e e e e ο ο ο 


SOME OF THE DETAILS OF TRANSFORMER ASSEMBLY o o o o e 


PAGES 
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65 
66 
67 
68-78 
79-85 
86-88 


PREFACE 


THIS MANUAL iS NOT A COMPENDIUM OF ALL OUR SKILLS, KNOWLEDGE ANO LORE IN 
THE DESIGN ANO MANUFACTURE OF THE TRANSFORMERS USED IN TEKTRONIX OSCILLO- 
SCOPES AND ACCESSORIES 


THIS IS PARTICULARLY TRUE OF PART 5, WHICH DEALS WITH CERTAIN PROCESSES 

AND DETAILS OF TRANSFORMER MANUFACTURING. ALTHOUGH WE'VE STANDARDIZED MANU= 
FACTURING PROCEDURES AND METHODS TO A HIGH DEGREE, IT'S OBVIOUSLY IMPOSSI- 
BLE TO RECORD ALL THESE IN DETAIL IN A LIMITED DOCUMENT SUCH AS THIS == OR, 
IN FACT, ANY DOCUMENTO 


SoLUTIONS TO MANY OF OUR DAY-TO-DAY PROBLEMS AS WELL AS MANY OF OUR IMPOR- 
TANT MANUFACTURING DECISIONS ARE BASED NOT ONLY ON PREVIOUS EXPERIENCE AND 
EXPERIMENT == TOGETHER WITH ''rTExTBooK' KNOWLEDGE == BUT ALSO ON AN INTUI= 
TIVE APPROACH TO PROBLEMS FOR WHICH THERE IS NO SPECIFIC PRECEDENT, 


THE FOLLOWING PAGES WILL GENERALLY DESCRIBE THE MAJOR ASPECTS OF TRANSFOR- 
MER MANUFACTURING. WE'VE ALSO INCLUDED MANY DETAIL PROCESS SHEETS ANO IN- 
STRUCTIONS TO ILLUSTRATE SOME OF OUR PROCEDURESe 
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ABOUT TRANSFORMER ENGINEERING AND PRE-PRODUCTION a a. ù 


THE TRANSFORMER DEPARTMENT ENGINEERING SECTION DESIGNS ALL TEKTRONIX REGU= 
LAR PRODUOTION TRANSFORMERS. THEY CONVERT THE REQUIREMENTS OF THE INSTRUMENT 
ENGINEER INTO TRANSFORMER DESIGN DATA. THE DEPARTMENT'S PRE=PRODUCTION GROUP 
USES THIS DATA TO BUILD THE WORKING MODELS NECESSARY TO ACCOMPANY THE INSTRU- 
MENT THROUGH §TS VARIOUS STAGES PRIOR TO REGULAR PRODUCTION. 


AT THIS STAGE, THE TRANSFORMER DEPARTMENT GATHERS THE PRODUCTION PROCESS 
SHEETS, INSPECTION CARDS AND DATA ON LABOR AND MATERIAL REQUIREMENTS. WHEN 
NEW MATERIALS OR ITEMS ARE TO ВЕ USED, MATERIAL CONTROL ASSIGNS THE NECESS=— 

ARY NEW TEK PART NUMBERS. THE TRANSFORMER DEPARTMENT ENGINEERS NOTE ALL 
SPECIFICATIONS PERTINENT TO A PARTICULAR TRANSFORMER ON THE TRACING OF THE 
TRANSFORMER DRAWING, WHICH IS MAINTAINED IN THE DEPARTMENT'S FILESe MATE- 
RIALS TO BE USED ARE EITHER WITHDRAWN FROM STOCK, OR PURCHASED (IF A NEW ITEM), 
OR ORDERED FROM METALS FABRICATION IF IT'S A SHOP=MADE OR SHOP-PROCESSED ITEMe 


ACCEPTANCE OF THE TRANSFORMER BY THE INSTRUMENT ENGINEERS IS THE KEY TO "GO 
REGULAR", MATERIAL CONTROL ASSIGNS A TEKTRONIX TRANSFORMER NUMBER (120=XXX). 
THE TRANSFORMER DEPARTMENT ROUTES CHECKED AND APPROVED BILLS OF MATERIALS, 
LABOR REQUIREMENTS AND DRAWINGS THROUGH THE MATERIALS CONTROL GROUP. MATE= 
RiALS CONTROL IS RESPONSIBLE FOR ALERTING THE PURCHASERS, SCHEOULERS AND LABOR 
REQUIREMENTS GROUPS WHO, IN TURN, COORDINATE THE TRANSFORMER SUB=PARTS TO THE 
INSTRUMENT SCHEDULE. THE ROUTED AND APPROVED COPY OF THE TRANSFORMER DRAWING 
IS RETURNED TO THE TRANSFORMER DEPARTMENT FOR PERMANENT FILINGo 


PRIOR TO RECEIPT OF A PILOT=PRODUCTION ORDER FOR THE TRANSFORMER, THE DEPART= 
MENT PRE-PRODUCTION GROUP FURNISHES THE MANUFACTURING GROUPS ALL NECESSARY 
PROCESS SHEETS ANDO TOOLING REQUIREMENTS èe 


MoDIFICATIONS TO EXISTING TRANSFORMERS FOLLOW VIRTUALLY THE SAME PROCEDURE AS 
А МЕМ ІТЕМ» 


THE TRANSFORMER DEPARTMENT ENGINEERING SECTION NOW CONSISTS OF THE TRANSFORMER 
ENGINEER AND A TECHNICAL ASSISTANT. THE PRE-PRODUCTION GROUP IS MADE UP OF A 
GROUP MANAGER AND SKILLED MANUFACTURING WORKERS, INCLUDING A ORAFTSMAN AND A 
MAUNTENANCE MECHANIC. 


IN ADDITION TO BEING RESPONSIBLE FOR PREVENTIVE MAINTENANCE, THE MAINTENANCE 
MECHANIC DESIGNS AND/OR BUILDS THE VARIOUS JIGS AND FIXTURES REQUIRED FOR 
MANUFACTURING PURPOSES. 


THE COMPLEXITIES OF TRANSFORMER ENGINEERING AND PRE=PRODUCTION WORK DICTATE 
THAT THE PERSONNEL MAKING UP THESE GROUPS HAVE A THOROUGH KNOWLEDGE OF 
TRANSFORMER DESIGN AND THE MATERIALS AND MANUFACTURING PROCESSES USED IN TEK= 
TRON?X INSTRUMENTS. OTHER ESSENTIALS ARE THE TEMPERAMENT TO PROPERLY REACT 
TO CHANGE AND THE ABILITY TO OPERATE SELF=SUFFICIENTLYo 
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THIS IS A FLOW CHART FOR MANUFACTURE OF A TRANSFORMER (500A - TYPICAL) . . . « 
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ASSEMBLE TRANSFORMER 


ABOUT TRANSFORMER WINDING ¿ o. o o o . 


WE'VE DIVIDED THE WINDING AREA INTO FOUR SECTIONS TO EFFICIENTLY PROCESS 
THE VARIOUS TYPES ANO QUANTITIES OF TEKTRONIX=BUILT TRANSFORMERS. 


ONE BANK -- OR LINE-USES LAYER WINDERS. THESE ARE SEMI-AUTOMATIC MACHINES, 
DESIGNED FOR LONG PRODUCTION RUNS (AT LEAST EIGHT HOURS IS DESIRABLE) AND 
#20 то #42 wiRE SIZE RANGE. THE LEESONA 108 IS TYPICAL OF THE MACHINES IN 
THIS LINES 


THE SCREW TRAVERSE WITH PROP= 
ER GEARING ACTION WILL ALLOW 
THE MACHINE TO AUTOMATICALLY 
ADVANCE SUBSEQUENT TURNS OF 

A SPECIFIC SIZE OF WIRE A 
GIVEN DISTANCE ALONG THE CORE 
TUBE. THE NUMBER OF COILS 
THAT CAN BE WOUND AT ONE TIME 
IS LIMITED BY THE LENGTH OF 
COIL AND THE OVERALL MANDREL 
LENGTH» MANDRELS IN PRESENT 
USE ALLOW PRODUCTION OF FROM 
FOUR TO 12 COILS AT ONCE. 

THE TENSION DEVICES, MOUNTED 
AT THE MACHINE, CONTROL WIRE 
TENSION. AFTER THE INITIAL 
MACHINE SET-UP == BASED ON EX= 
PERIENCE OR INSTRUCTION MAN= 
UAL == THE PRIMARY CONCERN OF 
THE OPERATOR IS PLACEMENT OF 
LEAD BREAKOUTS, INSERTION OF 
INSULATION, ANO THE PROPER 
NUMBER OF TURNS. ALL THESE 
ARE DIRECTED BY THE APPLICABLE 
PROCESS SHEET (sEE FOLLOWING 
PAGE FOR TYPICAL PROCESS 
SHEET). 





Wt TH THE TREND TOWARDS MINIATURIZATION IN WIRE ANO COIL SIZES, THESE MA= 
CHINES LEND THEMSELVES WELL TO OPERATION BY WOMEN EMPLOYEES WITH A HIGH 

DEGREE OF MANUAL DEXTERITY, ABILITY TO DO PRECISION WORK AND SUFFICIENT 

MECHANICAL APTITUDE TO SET UP AND BE AWARE OF MACHINE OPERATIONS 


ANOTHER BANK OF SEMI=AUTOMATIG MACHINES USES CROSS (OR PI) WINDERSe А сом- 
BINED GEAR=CAM SET UP WINDS COILS WITH VARIOUS CROSSOVERS PER TURN, OVER A 
GİVEN COIL WIDTH. TENSION DEVICES ATTACHED TO THE MACHINE REGULATE THE WIRE 
TENSION. WE'VE PICTURED THE LEESONA 111 ON THE FOLLOWING PAGE. 


-68- 
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THIS 1S A LEESONA 117 CROSS WOUND COIL WINDER. ..... 





PRESENTLY, THESE MACHINES HANDLE THE HIGH=VOLTAGE TRANSFORMERS AND LAT- 
TICE WOUND INDUCTORS. THE MACHINE CAPABILITIES AND LIMITATIONS ARE MUCH 
THE SAME AS THOSE OF THE LAYER WINDERSe THE PERSONNEL REQUIREMENTS ARE 
IDENTICAL 


THE THIRD STYLE OF WINDING MACHINE IS THE TOROIDAL WINDER (WE'VE ILLUS= 
TRATED A BoscH TW300 ON THE FOLLOWING PAGE). THIS MACHINE WINDS THE WIRE 
AROUND THE DOUGHNUT OR TOROIDAL CORE MATERIAL. WINDING IS A TWO-STAGE 
OPERATION: (1) A PRESCRIBED WIRE LENGTH IS WOUND ON THE SHUTTLE; (2) THE 
WIRE IS THEN TRANSFERRED TO THE CORE BY MEANS OF A SLIDER ON THE SHUTTLE 
OUR TOROIDAL WINDERS ARE EQUIPPED WITH ELECTRONIC PRE=DETERMINING COUN= 
TERSe THESE ALLOW SPECIFIC WIRE LENGTHS TO BE WOUND ON THE SHUTTLE, WHICH 
IS RELATED TO A DEFINITE TURNS COUNT ON THE CORE. DIRECTION OF ROTATION, 
WIRE SPACING AND TENSION ARE HANDLED BY MACHINE SET-UP. 


THE PRIMARY CONCERN OF THE OPERATOR IS TO FOLLOW THE PROCESS SHEET (SEE 
PAGE FOR AN EXAMPLE) REGARDING CORRECT WIRE SIZE, TURNS AND MACHINE 
SET-UP, AND TO APPLY THE LAYER INSULATION AND BREAK-OUT LEADS. PERSONNEL 
REQUIREMENTS ARE IDENTICAL TO THE OTHER SEMI-AUTOMATIC MACHINES WE'VE PRE- 
VIOUSLY DESCRIBED 
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MORE ABOUT TRANSFORMER WINDING a o. e e e 


THE REMAINING WINDING MACHINES ARE THE HAND WINDERS. THESE TEKTRONIX= 
BUILT UNITS ARE DESIGNED TO HANDLE THE LAYER-WOUND LOW VOLTAGE TRANSFOR- 
MERS IN CURRENT PRODUCTION. THE MACHINE IS A MODIFIEO LATHE BED MOUNTED 
ON A SPECIAL TABLE. |T'S POWERED BY A 1,725 RPM, 1/2 HORSEPOWER COMPOUND 
WOUND DC MOTOR CONTROLLED BY A SPECIAL DC POWER SUPPLY. THIS COMBINATION 
PRODUCES VARIABLE SPEED CONTROL, HYSTERESIS BRAKING AND REVERSING ACTION.’ 
TURNS ARE NOTED BY A CHAIN=DRIVEN, ONE-TO-ONE TURNS COUNTER. 


St 
di 
2 





THESE MACHINES DIFFER FROM THE AUTOMATICSy INASMUCH AS WIRE SPACING AND 
TENSION ARE DEPENDENT ON THE OPERATOR'S SKILL. THEY HANDLE THE LARGER 
WIRE SIZES AND LARGER TRANSFORMERS, IN ADDITION TO PUTTING FILAMENT WIND@= 
INGS ON BEHIND THE AUTOMATICS! OUTPUT, WHEN NECESSARY. To DATE, WIRE AND 
TRANSFORMER SIZES HAVE DICTATED OPERATION OF THE HAND WINDERS BY MALE EM- 
PLOYEES EXCLUSIVELY. IN ADDITION TO THE OTHER ATTRIBUTES WE'VE LISTED AS 
DESIRABLE, PHYSICAL STAMINA IS AN ASSET FOR OPERATING THE HAND WINDERS. 


ALL WINDING MACHINES ARE EQUIPPED WITH TAPE DISPENSERS, TUBING ANO INSULA- 
TION RACKS, AND SUFFICIENT WIRE DE-REELERS TO HANDLE THE NORMAL REQUIRE- 
MENTS OF THE PARTICULAR MACHINES 


ANOTHER JOB CLASSIFICATION IN THE WINDING AREA 1S THAT OF UTILITY MAN OR 
WOMAN. THESE PEOPLE SUPPLY EACH WINDER WITH THE INSULATION AND TUBING 

KIT REQUIRED FOR THE UNIT TO BE WOUND, THUS MINIMIZING DOWN TIME ON THE 
MACHINES, ALL INSULATION AND TUBING ARE RE-CUT TO SIZE IN ACCORDANCE WITH 
THE INSULATION LIST, THE UTILITY GROUP ATTACHED LEADS TO SHIELDS AND 
FORMS CORE TUBESe 


m DÒZ 


Pa 


ABOUT THE WINDING OPERATION > e ο ο ο ο 


THE NORMAL OPERATION PATTERN OF THE WINDING AREA BEGINS WHEN AN ORDER 1S 
RECEIVED FROM THE SCHEDULERe ON RECEIPT OF THIS, THE UTILITY GROUP WILL 
CONSTRUCT THE CORE TUBES AND MAKE UP THE VARIOUS KITS. THESE ARE DELIV= 
ERED TO THE WINDER TOGETHER WITH THE PROCESS SHEET, WHICH CALLS OUT THE 
WINDING BLOCKS AND MANDREL NEEDED (sEE ILLUSTRATION BELOW), THE WIRE SIZE; 
POSITIONING OF LEAD BREAK-OUTS, CODED TUBING FOR THE LEADS, POINT OF IN- 
SERTION, AMOUNT AND TYPE OF INSULATION, AND TURNS PER WINDING. THE сом- 
PLETED COIL IS THEN DELIVERED TO THE STACKING AND IMPREGNATION GROUP. 
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1. 
Co 


5» 
4, 


2" 


9. 


10. 
11. 


INSTRUCTIONS FOR QUALITY TRANSFORMER WINDING 


CONSTANTLY REFER TO PROCESS SHEET. 
USE THE MINIMUM AMOUNT OF MALLET WORK NECESSARY TO FORM COÍLSO 
NEVER POUND ON COIL LEADS OR EDGESe 


PLACE TAPE AND INSULATION SO THAT OVERLAPS BUILD SQUARE COIL AND AWAY 
FROM COIL SIDESe 


INSULATE OVER AND UNDER LEADS THAT CROSS OVER WINDINGS AND WHEN WINDING 
OVER LEADSo. 


ΜΑΙΝΤΑΙΝ PRESCRIBED MARGIN BETWEEN WIRE AND COIL EXTREMESo. 
PROPER LEAD PLACEMENT AND CORRECT TUBING AIDS TRANSFORMER ASSEMBLY, 


PLACE LEAD BREAKOUTS TO BUILD A SQUARE COIL; PLACE THEM WELL ABOVE TOP 
LAMINATION LINE 


A STACKED OR ADDITIVE COUNT HAS HISTORICALLY LED TO A TURNS-OFF QUALITY 
PROBLEMe 


REFER QUESTIONS TO GROUP MANAGER» 


MAINTAIN MINIMUM WIRE TENSION AT ALL TIMES, 
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500 A 


PART 120-120 


INSULATION KIT 


TuBING KiT 


Тек # MATERIAL CuT SIZE Amt. Tek Å SIZE & COLOR Amt. LGTH. 
252-514 .020 Fisn 8 3/4" x 2 31/32" 1 162-501 #10 Brack 2 2! 
252-517 .00% Квағт 8 1/2" х 2 51/52" 1 162-504 #20 Brack 2 7M 
252-517 ¿004 KRAFT 11" x 2 31/32" 4 162-508 #16 Вер 3 е" 
252-517 .008 Квағт ts 1/2" x e 41/59 2 162-510 #20 Reo 1 zn 
252-518  .005 Gum 6 1/4" x 2 31/32" 1 162-511 #24 Reo 2 Ze 
162-521 #24 GREEN 2 2η 
252-518 .005 Gum 14 1/2" x 2 31/32" 1 162-512 #10 YELLOW 5 an 
252-521 .010 Duro 9 1/2" x 3" 3 162-514 #16 YELLOW e Ze 
252-521 .010 Duro 10.172" x3" 2 162-518 #16 GREEN 1 7" 
252-521 .010 Duro 11 478" x. 5" 2 162-521 #24 YELLow 2 V 
252-521  .010 Duno 12 1/2" x 3" 3 162-522 #16 BLue 4 7" 
252-527 .010 Duro 13 1/2" x 3" 3  162-52h #20 Bue e 2H 
252-521 .010 Duro 14 1/2" x 3" 3 162-526 #13 WHITE е zyon 
253-024  .001 Copper 9 3/4" x 2 3/41 1 162-527 #18 WHITE 1 yo 
253-026 FiBER MAT 11 3/4" x 3" 4 162-527 #18 WHITE 1 y 
253-020 P.E. WEB USE AS REQUIRED 162-528 #20 WHITE 2 7" 
253-015 1/2! ACETATE 
CLOTH TAPE USE AS REQUIRED 
NoTE: 
1. 0.020 FisH is FoRMED WITH BRAKE, USING 500 Å BENDING JIGS, 
2. ATTACH #22 TINNED COPPER WIRE (SIX INCH) AS PER SAMPLE == To 0,001 coPPER 


SHIELDe 
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TUBE MATERIAL cooooooooo 
TUBE SIZE 404040464 00608 
Cut SIZE 000000000000000 


THROW ese Se 


3/16" CoPPER STRIPS 
180 AAT INSULATION 


NINE COILS PER STICK 


12007 #31 
8257 #29 
MATERIAL 


Fish Paper (Core Tube) 
Gum PAPER 
.O04 KRAFT 


e OO2 KRAFT 


TYPE 81 PI 
Part 120-168 
3-1/2" х 12" 
1/2" x1" 
1-3/16" 
2/8" 


1-6Р ом Сове ТовЕ 
START RIGHT 
2-004 KRAFT 


2-004 KRAFT 
1-GP 


INSULATION KIT 


Size 
3-1/2" x 12" 
3-1/2" x 12" 


9" x 12" 
12" x 12" 


4n x 42" 
41/21 x 12" 
BH X 12" 
5-1/2" х 12" 
6" x 42" 


MARK = HEAT = SAW 
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WiRE SizE 


#51 
#29 


AMOUNT 


(1) 
(3) 


(1) 
(1) 


(8) 
(6) 
(4) 
(5) 
(3) 


PRI. 


LEFT SIDE 


GEARS TURNS/LAYER 


100-60 80 T/L 
100-48 64 T/L 


TERMINAL No, 
2-1 


4-5 


535 Brock 


535 Core Tuse 


122 


172 


3067 


2157 
1761 
1767 
2807 
107 
107 
107 


107 
107 


107 


107 
107 


#18 


#18 


SHIELD 


#25 


#23 
#23 
#25 
#23 
#17 
417 


#17 
2#17 


2419 


2421 
esie 


500 A 
PART 120-120 


1-GP ) 
4.0014) On Core Tube 

START RED END BLUE 1-3 | 
1-DuRO 

START BLUE END RED | 2-4 | 


1-FiBREMAT 1-004 


2-3/4" x 9-7/8" —29 


1 FIBREMAT 1-.004 


START RED 
END GREEN (2004 Between) [6-14 
1 FIBREMAT 1-0004 == WIND CLOSE AND CONT, 
SAME LAYER 
START BLUE END WHITE 8-15 | 
1 FiBREMAT 1=.004 
START WHITE END BLACK (.004 BETWEEN) | 14-7 
1-ТАРЕ CONTe SAME LAYER 
START BLACK END WHITE (.004 Between) [ 10-5 
1--ТАРЕ CONT. SAME LAYER 
START RED END GREEN (.004 Between) 20-21 | 
CONTe SAME LAYER 
START BLUE WEB (UNDER) Pur OUTSIDE 
END RED (over ) МНІТЕ5-- 24-25 
1=DuRO 
START GREEN END RED 26-17 | 
START BLUE END YELLOW 9-16 | 
START BLUE END YELLOW [22-23 
WIRE LEADS | | 27-28 
1-DuRo 
PAS si 
ΤΣ ο... WIND IN SAME DIRECTION 12-12 
| 48-19 
1-DuRo AA 
1-GP 
FOR EXPORT ADD 
START YELLOW END GREEN А-С 
START GREEN END YELLOW B=D | 
1-Όυπο 
1-ΩΡ 


7 m 


HERE ARE MANUFACTURING DETAILS FOR THE 110 TOROID N UNIT (120-163) e 2. 2 o. o o 


FINISH Z2 
START #2 FinisH #1 


START #1 


START #1A 


Ғімісн ЖА START #2A 


Finish ΘΑ 





THE MACHINE SET UP TUBING 
50 Turns or #23 WIRE #18 Green FoR TAP 
GRAHAM 6.3 LoaD 15' EacH HALF #20 YELLOW 
WiNDING SPEED - 4.0; Loan SPEED 3.4 #20 YELLOW 

Forms 276-518 WIRE: 176-029 #23 


INSTRUCTIONS FOR WINDING 
Wino #1 Pri-(50 Turns) on 1/2 oF Core 
Wino #2 Pri.(50 turns) Atop #1 PRie 


USE YELLOW MYLAR TO TAPE START AND FINISH LEADS ON BOTTOM PRI. 253-019 


WIND BOTH ім SAME DIRECTION 


Use CLEAR MYLAR TO TAPE START AND FINISH LEADS ON TOP PRI. 253-021 
Wino #1 A Pri. (50 turns) on 1/2 сове 
Wino #2 A Pri. (50 turns) Atop #1 A Pri. 

LEAD LENGTHS 
#1A START AND #2 FINISH = TWIST TOGETHER ~ Сит то 5 INCH 
#1 START AND #2A FiNISH - TwisT TOGETHER = CUT TO 5 INCH 
ЖА Ғамівн 2" - ЖҰ 1 А Start 2-3/4" 
#Z2A START 2" — #2 Finisn 2-3/4" 

FINISH 


TIN TWISTED ENDS UP CLOSE TO CORE = TIN LEADS BACK 1" 


SET SWITCH ON METER TO #3 = TEST FOR BALANCED READING = BETWEEN 25 AND 27 


BoTH SIDES MUST READ THE SAME 


5 Мо 
5 ім. 
5 INe 


WIND IN SAME DIRECTION AS 1 AND 2 PRte 


COVER SPLIGES WITH 1/4' CLEAR MYLAR = PUT ON TUBING = SEND TO OVEN FOR POTTING 


IN 201-010 PLASTIC POTS = STAMP -163 ON FINISHED PRODUCT. 
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A 


IN THE STACKING AND IMPREGNATION AREAS . . . . . . 


THE WOUND COIL (WHEN NECESSARY) iS FIRST TAPED AT TOP AND BOTTOM; THIS AIDS 
IN INSULATION AND INSURES ADHERENCE OF CORE TUBE TO WINDINGS. AFTER TAPING, 
THE LARGER PRODUCTION RUNS AND/OR IDENTICAL CORE SIZE COILS ARE PLACED IN 
THE "LAMATOR! OR STACKING MACHINES 


AT THE PRESENT TIMES, 
WE HAVE TWO STACKING 
MACHINES, EACH HAND- 
LING A SPECIFIC LAMI- 
NATION SIZE. THEY'RE 
DESIGNED TO INTERLEAVE 
E AND | LAMINATIONS 
INTO THE COIL, AFTER 
THE MACHINE'S MAGAZINE 
1S LOADED WITH STRINGS 
OF STEEL, A FEELER 
GAUGE == WORKING WITH 
THE SLIDE CARRIAGE -= 
WILL INSERT INTERLACED 
E AND | LAMINATIONSO 

A LIMIT SWITCH STOPS THE 
MACHINE 





THE FULLNESS OF OUR PRESENT COILS MAKES IT POSSIBLE TO MACHINE=STACK TO 
APPROXIMATELY 95 PER CENT COMPLETION. THE BALANCE OF THE COIL IS HAND= 
STACKED, WITH KEEPERS (REWORKED E's) BEING PLACED ON TOP AND BOTTOM OF THE 
STACK» 


THE STACKED COIL IS SQUARED IN THE HYDRAULIC VISE, TO ELIMINATE AIR GAPS 
BETWEEN THE E AND | LAMINATIONS AND AT THE SAME TIME ALIGN THE MOUNTING 
HOLES IN THE STEEL. A PHOS=BRONZE CLIP IS PLACED AROUND THE SQUARED STACK 
TO INSURE ALIGNMENT WHILE THE COIL IS BEING IMPREGNATED» 









"- 
ANS Алы 


MC pe ΠΠ“ ' 4 ἃ αρ To Же” ` 
ο ο one, ` po МР АНРИ! IC OPI, 
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MORE ABOUT THE STACKING ANDIMPREGNATION AREA . . . « ο ο 


THOSE TRANSFORMERS USING LAMINATIONS NOT COMPATIBLE WITH OUR EXISTING MA- 
CHINES ARE ENTIRELY HAND-STACKEDe 


THE STACK HEIGHT IS ESTABLISHED BY THE BOBBIN SIZE OR CORE OPENINGe THE 
POSSIBILITY OF INSUFFICIENT OR EXCESSIVE STEEL ໄຣ MINIMIZED BY HAVING CA= 
PABLE ANO CONSCIENTIOUS LAMINATION STACKING PERSONNEL. 


THE NORMAL STACKING PROCESS SHEET CALLS OUT SPECIFICS REGARDING TAPING, 
CLIPPING, SIDE INSULATION WHEN NECESSARY, AND OTHER PERTINENT DATA ооо 


STACKING PROCESS SHEET 


500 A 
PART 120-120 


LAMINATIONS SG Så Ge KG 300015 

STACK ai AX Sede Wy oec aae ete xc MACHINE 

TAPES ον e rods EO S (acm at NONE 

SIDE- BURNS а п BD Go ae te NONE 

KEEPERS. 4-4 spo ns X3 ke a! E. REWORKED GOS 
UL IPS uox ra CET 


..oo.o BUT THE QUALITY STACK COMES FROM EXPERIENCE AND A ''FEEL' FOR THE ОР- 
ERATION. 


HIGH VOLTAGE OR LATTICE WOUND TRANSFORMERS USE A FERRITE E CORE CONSTRUC= 
TION, WITH MATCHING E'S BEING PLACED AROUND EACH SIDE ΟΕ THE CORE. A PRE= 
SCRIBED AIR GAP IS GROUND OUT OF THE CENTER LEGS OF THE CORE; THE OUTSIDE 
LEGS ARE TAPED TOGETHER AND HELD WITH A CLIP WHILE THE UNIT IS BEING ¿M- 
PREGNATEDo 


ΟΝ TOROIDAL TRANSFORMERS, THE WIRE IS WOUND DIRECTLY ON THE CORE MATERIAL, 
ELIMINATING THE NEED FOR STACKINGe 


QUALIFICATIONS FOR A GOOD LAMINATION STACKER INCLUDE ABOVE-AVERAGE FINGER 
DEXTERITY, GOOD PERCEPTION AND GENERAL GOOD HEALTHe 


TRANSFORMERS RANGE IN SIZE FROM SMALL ONE INCH STACKS OF FINE STEEL UP TO 
16 POUNDS. 


ABOUT IMPREGNAT ION 


AFTER STACKING, THE TRANSFORMERS ARE ANNEALED FOR APPROXIMATELY TWO HOURS 
AT 2855Ε, THIS REMOVES THE MOISTURE, RELIEVES WINDING PRESSURES AND SETS 
THE THERMO-SETTING ADHESIVES USED ON TAPE AND COPPER SHIELOSs THE TRANS- 
FORMER IS THEN COOLED TO APPROXIMATELY 100°F == THEN VARNISHED UNDER VA= 
CUUM FOR ABOUT AN HOUR (OR UNTIL OBSERVATION DETECTS THE THOROUGHNESS OF 
PENETRATION). THE VACUUM IS REMOVED AND THE EXCESS VARNISH IS DRAINED FROM 
THE UNITS. THE TRANSFORMERS ARE THEN RETURNED TO THE OVEN, WHERE THE VAR= 
NISH IS CURED FOR APPROXIMATELY SIX HOURS AT 285?r. WE FOLLOW THIS PRO= 
CEDURE FOR THE MAJORITY OF TEKTRONIX--BUILT LOW VOLTAGE TRANSFORMERS. 


THE VARNISH WE NOW USE IS A CLEAR, THERMO-SETTING, MODIFIED POLYESTER [N= 
SULATING TYPE. THE PRESENT IMPREGNATION TANKS ARE RECTANGULAR, OF WELDED 
STEEL CONSTRUCTION, AND ARE THE TOP-OPENING TYPE, TOPS ARE EQUIPPED WITH 


SO ke 


— 


TO CONTINUE THE DISCUSSION OF THE IMPREGNATION AREA . . . ¿ + « 


DIAL TYPE VACUUM GAUGES AND SIGHT GLASSES FOR OBSERVATION. STORAGE TANKS 
ARE ATTACHED TO THE IMPREGNATION TANKS. THE VARNISH !S FORCED INTO THE 
TRANSFORMER BY VACUUM IN THE IMPREGNATION TANK AND IS THEN GRAVITY=FED 
BACK INTO THE STORAGE TANK WHEN THE CYCLE IS COMPLETE. 





THE ELECTRIC BAKING OVENS WE NOW USE ARE CABINET MODELS, TOP-LOADING, WITH 
A SEVEN KW HEAT INPUT CAPACITY. BAFFLES SEPARATE THE HEAT CHAMBER FROM 
THE WORK CHAMBER, ELIMINATING HEAT TRANSFER FROM DIRECT RADIATION, THE 
OVENS ARE EQUIPPED WITH ADJUSTABLE DAMPERS ON AIR INTAKES, EXHAUST OUT- 
LETS WITH ADJUSTABLE LOUVERS (ARRANGED FOR HORIZONTAL AIRFLOW) OVER THE 
ENTIRE AREA OF SUPPLY, AND RETURN DUCTWORK WITHIN THE WORK CHAMBER TO IN- 
SURE MAXIMUM TEMPERATURE UNIFORMITY. THE RE-CIRCULATION BLOWER, CONSTRUC— 
TED OF HEAVY DUTY HIGH PRESSURE STEEL PLATE, IS RATED aT 2,400 crm. IT's 
DRIVEN BY A ONE-HALF HORSEPOWER MOTOR THROUGH V-BELTS AND VARIABLE PITCH 
SHEAVE « 


SEE THE FOLLOWING PAGE FOR AN ILLUSTRATION OF THE ELECTRIC BAKING OVEN WE 
NOW USE. I 


SO Lé 


HES 1S. THE: ELECTRIC“BAKING OVEN “WE. USE. ж жж е” з 





THE CONTROL PANEL INCLUDES A 100° TO 650° RANGE INDICATING TEMPERATURE 
CONTROLLER, SEPARATE INDICATOR LIGHTS FOR THE BLOWER AND HEATER, AND A 
TIMED SWITCHe THE FAN MOTOR AND HEATING ELEMENTS ARE SO WIRED AS TO 
SHUT OFF THE HEATERS IF THE BLOWER IS INOPERATIVE, BUT TO ALLOW BLOWER 
OPERATION WITHOUT HEAT ELEMENTS. WE CHECK THE OVEN TEMPERATURES PERI- 
ODICALLY AND ADJUST THE INDICATORS ACCORDINGLY, BOTH THE OVENS AND THE 
IMPREGNATION UNITS ARE LOADED BY AN OVERHEAD CRANE» 


THE MAJORITY OF HIGH VOLTAGE TRANSFORMERS ARE IMPREGNATED IN A THERMO- 
PLASTIC, HIGH MELTING-POINT МАХ» THE TRANSFORMERS ARE PREHEATED AND 1M- 
MERSED HOT IN THE MOLTEN WAXe THOROUGHNESS OF PENETRATION IS DETERMINED 
BY VISUAL INSPECTIONe THE UNITS ARE DRAINED AND LET STAND UNTIL THE WAX 
IS SET, WHICH COMPLETES THE WAX IMPREGNATIONe 


SPECIFICATIONS ON CERTAIN TRANSFORMERS REQUIRE THAT THEY BE ENCAPSULATEO 
(oR POTTED) IN ONE OF THE VARIOUS EPOXY COMPOUNOS. THESE UNITS ARE PRO- 
CESSED IN AN ELECTRICALLY-HEATED AUTOMATIC ENCAPSULATING MACHINE, LIKE 
WE'VE PICTURED ON THE FOLLOWING PAGEeo 


2022 


THIS IS A "RED POINT" ENCAPSULATING MACHINE 





THE COMPOUNDS ARE MIXED AND INJECTED UNDER VACUUM. AFTER THE AiR HAS BEEN 
THOROUGHLY REMOVED AND THE UNITS ARE COMPLETELY IMPREGNATED, THEY ARE CURED 


IN THE OVENS CURING TIMES, COMPOUND MIXES AND HANOLING PROCESSES ARE ES= 
TABLISHED BY THE COMPOUND BEING USED. 


IN ADDITION TO THE IMPREGNATION AND ENCAPSULATION EQUIPMENT, 


THIS AREA HAS 
A PAINT SPRAY BOOTH, EQUIPPED WITH AIR EXHAUST. 


SPECIAL UNITS, IN- 
CLUDING THE OPEN-TYPE 
ASSEMBLED TRANSFOR- 
MERS, HAVE PAINT OR 
LACQUER APPLIED BY A 
REGULATED AiR GUN IN 
THIS AREA, 





CONTINUING THE DISCUSSION OF THE 


A TICKET LIKE THIS 
ACCOMPANIES THE 
TRANSFORMER(S) THROUGH 
THE VARIOUS OVEN OPERA= 
TIONS. 





ANNEAL 
COOLER 
VARNISH 
DRAIN 
BAKE 


CLock 
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IMPREGNA FTON AREA ¿ ¿+ + + x ο 


WE USE UPRIGHT OVENS 
(WITH MUCH THE SAME 
CHARACTERISTICS AS 

THE FLOOR MODELS, EX- 
CEPT FOR OPENING AND 
SIZE) TO SET OR BAKE 
PAINT, PARTS WHICH HAVE 
BEEN SILK=SCREENED AND 
ENCAPSULATED TRANSFOR= 
MERS o 


ке ee es oe He 


Lem 


(зе жек өле а MIN зве ah rer x 


πετ ER m = 
E 


# 
FROM 
FROM 
FROM 
FROM TO 
FROM TO 


FROM TO 


FOR STACKED BAKING 


FROM # το OVEN 


ITEMS 





TO CONCLUDE THE DISCUSSION OF THE STACKING AND IMPREGNATION AREA . ... . 


BECAUSE OF THE RANGE OF MATERIALS AND THE OPERATIONS INVOLVED, THOSE PER= 
SONS WORKING IN TRANSFORMER IMPREGNATION SHOULD HAVE A HIGH DEGREE OF VER= 
SATILITY, COUPLED WITH BETTER=THAN=AVERAGE PRECISION AND PERCEPTIVE ABILI= 
TIES. 


THE VARIOUS SOLVENTS AND COMPOUNDS BEING USED, AND THE HIGH TEMPERATURE OF 
THE IMPREGNATION ROOM, ARE THE LEAST PLEASANT ASPECTS OF THE WORK. 
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SOME OF THE DETAILS OF TRANSFORMER ASSEMBLY e e a co a ο 


IMPREGNATED TRANSFORMERS ARE RECEIVED HOT FROM THE OVENS; THE EXCESS VAR- 
NISH THAT ACCUMULATES IS IMMEDIATELY REMOVED. ON THE CLOSED CONSTRUCTION 
TRANSFORMERS USING COVERS AND TERMINAL BOARDS, THE LEADS ARE CUT TO SPE= 
CIFIC LENGTHS (DEPENDENT ON LEAD DRESS AND TERMINAL LOCATION). AFTER CUT- 
TING, THE TUBING IS STRIPPED BACK == ALLOWING SUFFICIENT EXPOSED WIRE FOR 
WRAPPING ON THE TERMINALSe 


THE INSULATION ON THE WIRE ITSELF IS REMOVED IN A WIRE STRIPPING MACHINE.’ 
THE STRIPPING WHEELS USED FOR MOST LOW=VOLTAGE TRANSFORMER WIRES ARE ONE 
AND ONE-HALF INCH RINGLOCK STEEL WIRE. THE FINER WIRES OF THE HIGH=VOLTAGE 
TRANSFORMERS ARE STRIPPED WITH ONE INCH FIBRE GLASS WHEELS. IN THE OPEN 
CONSTRUCTION TRANSFORMER, THE WIRE INSULATION IS REMOVED IN A SOLDER POT 

AS THE WIRES ARE BEING TINNEDe 


WE THEN COAT THE EXPOSED SURFACE OF THE CORES WITH BLACK BRUSHING LACQUER 
THOSE CORES WITH OPEN STYLE OF CONSTRUCTION ARE RETURNED TO THE PAINT BOOTH 
FOR SPRAYING WITH BLACK GLYPTAL, A SEMI-=GLOSS INSULATING ENAMEL. 


THE COIL LEADS ARE DRESSED FROM THEIR BREAK-OUT CORNERS TO THE TERMINAL 
PLACEMENT POSITION; THE PROPER RING IS PLACED AROUND THE UPPER HALF OF THE 
TRANSFORMER; THE WIRES ARE THEN INSERTED INTO THE CORRECT TERMINAL AS PER 
INSTRUCTION SHEET (SEE FOLLOWING PAGES FOR INSTRUCTION SHEET SAMPLES). 


THE TRANSFORMER MOVES ALONG THE ASSEMBLY LINE FOR ATTACHMENT OF END BELLS 
OR CAST COVERS» WRAPPING THE LEADS AROUND THE TERMINALS AND THEN SOLDER- 
ING WILL COMPLETE THE ASSEMBLY OPERATION, 


HIGH VOLTAGE TRANSFORMERS ARE ASSEMBLED TO TERMINAL BOARDS PRIOR TO IMPREG= 
NATIONS THE HOOK-UP LEADS ARE ATTACHED PRIOR TO INSPECTION. MOST ENCAPSU- 
LATED TRANSFORMERS ARE COMPLETELY ASSEMBLED PRIOR TO ENCAPSULATION. 


WE DO A CONSIDERABLE AMOUNT OF PRE-ASSEMBLY IN THE ASSEMBLY AREA. THE TER- 
MINAL BOARDS (or PAPER PHENOLIC MATERIAL) AND THE TERMINALS Ca MACHINED 
BRASS PIECE) ARE JOINED. WE USE A STAKING PRESS, THE ITEM BEING BUILT WILL 
CALL OUT THE SIZE AND PLACEMENT OF TERMINALS IN THE VARIOUS BOARDS, AS IN- 
STRUCTED BY THE TERMINAL BOARD PROCESS SHEET (EXAMPLE FOLLOWS) 


THIS WORK 1S DONE BY THE UTILITY GROUP WHO WILL ALSO, WHEN NECESSARY, PLACE 
THE MYLAR TUBING AND WASHERS ON THE CORE BOLTS USEDe 


CLOSED TRANSFORMERS ARE IDENTIFIED BY THE SILK=SCREENED TEKTRONIX NUMBER ON 
THE COVER; THE SCREENING IS DONE BEFORE THE COVER IS PLACED ON THE TRANS- 
FORMER. THE OPEN CONSTRUCTION TYPE MAY HAVE THE TEK NUMBER ON A PRINTED LA= 
BEL, WHICH IS ALSO USED TO DESIGNATE THE WINDINGS. 


AFTER SOLDERING, THE TRANSFORMERS ARE TESTED FOR PROPER TURNS, PHASING, EXCI=- 
TATION CURRENT AND BREAKDOWNS BETWEEN WINDINGS, ELECTROSTATIC SHIELOS AND 

THE CORE MATERIAL». A VISUAL INSPECTION DURING THE PACKAGING OR BOXING PRO- 
CESS ROUNDS OUT INSPECTION AND TESTINGO 


e o o o o o TEKTRONIX TRANSFORMERS ARE GUARANTEED FOR THE LIFE OF THE 
INSTRUMENTS OF WHICH THEY ARE A PART . e ooo» 
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500 A 
ParT 120-120 


Tube 27 TuBE 
#15 WHITE 241 18-19 #10 YELLOW) 53, 
ແ 13-12 #10 Brack ) 
#713 WHite 3" NOTE 
Tube 29 Dou - DouBLE WIRE 
#18 WHite 2%" TRI = TRIPLE WIRE 
TIN = TINNEO WIRE 
6 = BLUE 
Y = YELLOW 
G = GREEN 
R = RED 





NOTE: ARROW DENOTES COIL CORNER OF LEAD BREAKOUT 


BOARDS aa at e E 605555 
RING κ δω ας ο αν ο ους 
TOP COVER 120-120 . . « , + + ὁ ο . 200-044 
BOLTS 10-32 x 3⁄ , is 212-52lk 
NUTS 10-352 х 3/8 os « < < e ee 210-445 
WASHERS - #10 INTERLOCKING 2... 210-010 
SCREWS 4-40 x 5/16" ST . . . . . . 213-025 


TOP PLATE = PRI UP TO LEFT = NO. TO YOU 


129-023 


TERMINAL Nos. 
12 
15 
18 
19 
20 
28 


500 A 


Te (120-120) 


TERMINAL BOARD PROCESS SHEET 


O <O YO S 


-— 
= 


BASIC BOARD: 386-983 


Q 9 = g 
EEES 
0000 
2 7 8 9 


9 ο΄ е” f 
5 EC 29 17 
λαο ο 5% 


12 


4 


1 26 


OMIT TERMINAL 
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34 


129-024 


TERMINAL Nos. 


17 
20 
21 
22 
25 
24 
25 
26 
29 


